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ABSTRACT 
Alnus maritima (Marsh.) Muhl. ex Nutt. (seaside alder) is a rare woody plant species 
found naturally in only three small disjunct populations in the United States. Concern for the 
conservation of A. maritima and questions regarding the proper classification of its disjunct 
populations have generated a need for information concerning its ecology and biosystematics, 
while growing interest in the use of A. maritima in managed landscapes has demonstrated the 
need for information concerning its ecophysiology and landscape fitness. My first objective 
was to recount the taxonomic and horticultural history of A. maritima and to report on its 
current landscape usage and cultivation. Although it has received little attention from 
horticulturists since its introduction into cultivation over 100 years ago, A. maritima is now 
being recognized as a stress-resistant large shrub or small tree. My second objective was to 
derive the infraspecific systematics of A. maritima by morphometric analysis and to classify the 
three disjunct populations properly. Taxonomic distances were compatible with the modern 
definition of subspecies, and the subspecific epithets oklahomensis, georgiensis, and maritima 
were given the three taxa. My third objective was to characterize the molecular systematics of A. 
maritima according to ISSR polymorphisms. The molecular phytogeny of eight species of 
Alnus confirmed that A. maritima is most closely related to the other members of subg. 
Clethropsis and was the first member of its subgenus to diverge. At the infraspecific level, 
molecular and morphometric phytogenies agreed and showed that subsp. oklahomensis was the 
first to diverge. My fourth objective was to characterize the cold hardiness of A. maritima in 
native habitats and in colder climates. Analyses showed that the subspecies are similar in cold 
hardiness, that plants from all three subspecies can survive mid-winter extremes as low as -
80°C, and that cold acclimation differs between plants grown in colder climates and those in 
native habitats. Results from these studies support the theory that A. maritima originated in 
Asia, migrated into North America across the Bering land bridge, and was established over a 
large range before being forced into its present meager distribution. 
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CHAPTER 1. GENERAL INTRODUCTION 
INTRODUCTION 
Alnus maritima (Marsh.) Muhl. ex Nutt. (seaside alder) is a rare woody plant species 
found naturally in only three small disjunct populations in the United States. Alnus maritima 
is indigenous to six counties on the Delmarva Peninsula (Eastern Shore of Maryland and 
southern Delaware), two counties in south-central Oklahoma, and one county in northwestern 
Georgia. Its presence in Oklahoma and on the Delmarva Peninsula has been recognized for 
many years, whereas the population in Georgia was not discovered until 1997, when plants 
were found growing in and around a small swamp that covers approximately 50 hectares 
(123.5 acres) (Schrader and Graves, 2000). Alnus maritima is a large shrub or small tree that 
grows to a height of 10 m with several trunks up to 21 cm in diameter. It produces glossy, 
dark green foliage and is distinguished from other North American alders by its timing of 
anthesis. Alnus maritima blooms in the autumn, producing red pistillate catkins and 
pendulous staminate catkins that are bright yellow. All other North American alders bloom in 
the spring (Furlow, 1979; Stibolt, 1981). 
The limited distribution of A. maritima has led to its placement on the threatened 
species lists of the Georgia, Oklahoma, and Maryland Natural Heritage Inventories, where it 
has been classified as critically imperiled, imperiled, and a watch-list species, respectively 
(Georgia Natural Heritage Program, 1999; Maryland Heritage and Biodiversity Conservation 
Program, 1994; Oklahoma Natural Heritage Inventory, 1997). The World Conservation 
Monitoring Centre lists the status of A. maritima as rare for Delaware and Maryland, 
vulnerable for Oklahoma, and rare for the World (Walter and Gillett, 1998). Increased concern 
for the conservation of A. maritima and uncertainty concerning the infraspecific classification 
of its disjunct populations have generated a need for information on the ecology, population 
biology, and biosystematics of the three disjunct populations. 
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In the wild, A. maritima exhibits many aesthetic and physiological features that could 
make it particularly useful as an ornamental plant on sites that are stressful for other woody 
species. It can be used as a large shrub or small tree, it is tolerant of wet soils, it acquires fixed 
nitrogen through a symbiotic relationship with Frankia bacteria found in nodules on its roots, 
its bright yellow catkins are particularly ornamental against its dark green foliage, and early-
autumn flowering provides a unique attractiveness at a time of year when few other woody 
species are in bloom. Increasing interest in the use of A. maritima in managed landscapes has 
brought a need for information on the ecophysiology and landscape fitness of this species. 
Assessment of the ecophysiology (plant interaction with the environment, and the vital 
underlying acclimation and adaption processes) and landscape fitness (avoidance or tolerance 
of common environmental stresses) of A. maritima will be needed to determine the range 
limitations and the proper placement of plants in managed landscapes. Knowledge of 
differences in ecophysiology and landscape fitness among the three populations will guide 
cultivar selection and plant breeding efforts and will aid in the development of A. maritima with 
superior horticultural traits. 
I examined the three known populations of A. maritima to: 
1. provide a current inventory of plant distribution and demography; 
2. describe ecological and genetic factors contributing to the rarity of the species; 
3. characterize the phylogenetic relationship, genetic diversity, and intraspecific 
divergence of the three populations; 
4. compare the intraspecific divergence of the three populations with interspecific 
divergence of A. maritima and seven other species of Alnus; 
5. classify and name the three populations according to the International Code of 
Botanical Nomenclature; 
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6. describe the phenology and depth of cold acclimation in the three populations of 
A. maritima both in situ (plants in the wild) and ex situ (plants from all three 
populations planted in central Iowa); 
7. assess the performance of plants from the three populations while growing in 
USDA hardiness zones 5a, 4a, and 3a; and 
8. establish the safe geographic range for the use of Alnus maritima in managed 
landscapes as defined by plant cold hardiness. 
Although my research was designed to address these specific issues concerning the ecology, 
population biology, biosystematics, and ecophysiology of A. maritima, the results from these 
inquiries were also used together to provide both academic and practical information 
concerning the origin, conservation, and landscape potential of the three disjunct populations. 
THESIS ORGANIZATION 
This dissertation consists of four manuscripts. The first manuscript, chapter 2, has 
been published in The New Plantsman and is formatted for that journal. The second 
manuscript, chapter 3, has been accepted for publication in Castanea, The Journal of the 
Southern Appalachian Botanical Society and is formatted for that journal. The third 
manuscript, chapter 4, is formatted for submission to Rhodora. The fourth manuscript, chapter 
5, is formatted for submission to the Journal of the American Society for Horticultural 
Science. A literature review and general conclusions for this research are included. 
Appendices containing information relevant to the dissertation topic follow the general 
conclusions, and acknowledgments follow the appendices. 
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LITERATURE RE VIEW 
Biosystematics 
The study of the divergence, diversity, and genetic structure of a species and its 
populations falls completely within the realm of biosystematics (Simpson, 1961; Stuessy, 
1990). The methodology of biosystematics has been dynamic. Morphological and anatomical 
markers were among the first markers used to assess genetic variability. Later, methods 
borrowed from the field of numerical taxonomy, and probably best termed "statistical 
systematics" (Solbrig, 1970), were used to quantify numerous characters from several sources, 
such as morphology, anatomy, physiology, cytology, protein electrophoresis, and chemical 
assays (McNeill, 1984; Sneath and Sokal, 1973; Stuessy, 1990). Over the last two decades, 
DNA fingerprinting has been used extensively, either by itself or in conjunction with these 
other markers, to characterize genetic divergence and variability and has been found to be a 
powerful and accurate approach (Hillis et al., 1994). The greatest advantages of molecular 
markers are that they are the most heritable of all genetic markers, they are not dependent on 
gene expression, and they are not affected by environmental factors (Hubbard et al., 1992). A 
balanced approach that utilizes molecular techniques along with more traditional methods of 
statistical systematics should be superior for the characterization of natural populations 
(Stuessy, 1990). 
The first true DNA fingerprinting technique was RFLP (restriction fragment length 
polymorphism) analysis. RFLPs are used to resolve DNA polymorphisms by cleaving DNA 
with restriction enzymes, fractionating the fragments with electrophoresis, and then visualizing 
the banding patterns with Southern blot analysis (Botstein et al., 1980). RFLPs and similar 
techniques are considered very accurate and are still widely used in plant systematics, but they 
have the disadvantages of being time consuming and labor intensive, and they require the use 
of radioactive materials and DNA probes of known sequence (Fang et al., 1997; Powell et al., 
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1996). RFLPs are not considered appropriate for the study of intrapopulation structure 
because they lack the proper level of polymorphism (Schlotterer and Pemberton, 1998). 
The most recent and widely used DNA fingerprinting techniques use markers that are 
produced by PGR (polymerase chain reaction) amplification. In most of these techniques, 
amplification products are separated by agarose- or polyacrylamide-gel electrophoresis and are 
detected by radioactive labeling or staining with ethidium bromide (Caetano-Anolles, 1998). 
The most prominent of the PGR techniques is the RAPD (random amplified polymorphic 
DNA) analysis (Williams et al., 1990), which has become popular because it is easier than 
most other techniques, less time consuming, and uses arbitrary primers (no need for prior 
sequence knowledge). RAPD markers can show a relatively high degree of polymorphism, but 
they are believed to be less reliable than RFLPs for the evaluation of population genetics 
because they are dominant markers, unable to detect hétérozygotes (Liu and Fumier, 1993; 
Powell et al., 1996). RAPD analysis is also believed to overestimate variability because it is 
based on the assumption that each fragment represents a separate RAPD locus, a supposition 
that probably is not always true (Liu and Fumier, 1993). 
The ease and utility of arbitrary primers and the PGR technique have sparked the 
development of many similar approaches that can increase the detection of codominant or 
polymorphic DNA (Caetano-Anolles, 1998). Some of these techniques accomplish a greater 
degree of sensitivity and consistency than RAPDs by combining PGR with RFLP methods. 
The most commonly used of these techniques is the AFLP (amplified fragment length 
polymorphism), a method in which the DNA is first digested with two restriction enzymes. 
Fragments then are ligated to end-specific adapter molecules and are amplified by two PCRs 
(Vos et al., 1995). This method produces highly complex fingerprints, but is prone to 
nonuniform targeting (clustering of markers in selected genomic regions) and is unnecessarily 
labor intensive for most applications in systematics (Caetano-Anolles, 1998). 
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Another RAPD-like technique that has generated considerable interest recently is the 
ISSR (inter-simple sequence repeat) analysis, which was called (SSR)-anchored PGR or inter-
SSR PCR by the original authors (Zietkiewicz et al., 1994). ISSR analysis is among the most 
reliable methods of DNA fingerprinting. ISSRs amplify many more fragments per primer 
than RAPDs and, therefore, are more sensitive and more appropriate for examining genetic 
variability within and among natural populations (Fang et al., 1997; Wolfe et al., 1998). ISSRs 
reveal heritable polymorphic bands from evolutionarily diverse eukaryotic species. These 
bands are codominant, and results are highly reproducible (Gupta et al., 1994; Tsumara et al., 
1996). Because of its sensitivity, consistency, and wide range of application, ISSR techniques 
were chosen for this portion of my research. 
ISSR assays use single, arbitrary primers of simple sequence repeats (SSRs), such as 
(CA)„, with two to four additional nucleotide residues at the 3' or 5' termini to anchor the 
primers into the SSR flanking regions. This primer design restricts priming from within a 
longer simple sequence repeat of the same type and gives each primer a high degree of 
specificity (Zietkiewicz et al., 1994). The presence of the anchoring sequences also eliminates 
strand-slippage artifacts, which can be a problem with other methods such as RAPDs 
(Ellsworth et al., 1993; Wolfe et al., 1998). The PCR amplifies the SSRs and flanking regions 
complementary to the primers, along with the sequences between the SSRs (Zietkiewicz et al., 
1994). PCR products are resolved by electrophoresis on large polyacrylamide or agarose gels 
and can be visualized by autoradiography, silver staining, staining with ethidium bromide, or by 
using the automated fluorescent imaging of GeneScan® (Fang et al., 1997; Gupta et al., 1994; 
Rosato, 2001). 
Zietkiewicz et al. (1994) resolved numerous polymorphisms by using seven primers 
[3'-anchored (CA)gRG, (CA)gRY, (CA)7RTCY; and 5-anchored BDB(CA)7C, DBDA(CA)7, 
VHVG(TG)7, HVH(TG)7T], where R stands for puRine, Y for pYrimidine, B for non-A, D for 
non-C, H for non-G, and V for non-T bases. The two primers with the shortest flanking 
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regions [(CA)8RG and (CA)gRY] were the least stringent and produced multiple bands varying 
in size from 200 to >2000 bp in all eukaryotic species analyzed, including mammals, birds, 
reptiles, fish, and plants. These primers produced between 40 and 60 bands for all animal 
samples except fish (several more than 60) and smaller numbers for plants. Analysis of 
banding patterns showed predictable differences between species and between individuals 
within a species but showed a reasonable degree of pattern similarity in related species 
(Zietkiewicz et al., 1994). This suggests that ISSRs will be applicable for the study of 
systematics at the species and infraspecific levels and may be useful for resolving phenetic and 
phylogenetic relationships at higher levels of the taxonomic hierarchy. 
Research that has applied ISSR techniques specifically to plants has shown great 
success. Di- and tri nucleotide repeat-based primers have been used successfully with many 
plant species. In contrast to the low number of bands received by Zietkiewicz et al. ( 1994), 
primers containing (CA)„ have produced large numbers of bands for most of the plant species 
analyzed. Along with (CA)n, some of the most successful primers for plant DNA have been 
those based on (GT)6, (GT)7, (TG)7, (AG),, (GA)8,(AC)8, (AGC)4, and (GCT)4 simple 
sequence repeats (Fang et al., 1997; Fang et al., 1998; Kantety et al., 1995; Moreno et al., 1998; 
Tsumara et al., 1996; Wolfe et al., 1998). ISSRs have been used successfully to determine 
genetic relationships at several levels of taxonomic hierarchy. In plants, relationships have 
been resolved among families (Tsumara et al., 1996), species (Salimath et al., 1995; Wolfe et 
al., 1998), subspecies (Wolff and Morgan-Richards, 1998), natural populations (Wolfe et al., 
1998; Wolff and Morgan-Richards, 1998), cultivars (Wolff et al., 1995), varieties (Moreno et 
al., 1998), accessions (Fang et al., 1997; Fang et al., 1998), inbred lines (Kantety et al., 1995), 
and individuals within a species (Tsumara et al., 1996; Zietkiewicz et al., 1994). 
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Cold Hardiness 
It seems intuitive to define the cold hardiness of a plant species concordant to the 
minimum winter temperatures found within its native range. Yet, it is unreasonable to conclude 
that these same winter extremes are the absolute limit of a species' cold hardiness. There are 
many factors, both genetic and environmental, that influence the distribution of a species, and 
cold tolerance is but one of these factors (Dirr, 1998; Fitter and Hay, 1987; Kozlowski et al., 
1991; Wulff, 1943). Early cold-hardiness ratings for woody landscape taxa were based on the 
successful performance of these taxa in certain hardiness zones (Bailey Hortorium, 1976; 
Rehder, 1940), but Pellett et al. (1981) found that many woody species have greater midwinter 
cold tolerance than these early guidelines suggested. The perpetual need for new woody 
species that can add beauty and diversity to managed landscapes has forced plantsmen to 
develop quick, reliable, cost-efficient methods for determining cold hardiness (Harris, 1992; 
Lindstrom and Dirr, 1991). Laboratory determinations of cold hardiness can save years during 
the introduction process for new selections and can substantially reduce the time required for 
breeding of cold-resistant cultivars (Lindstrom and Dirr, 1991). 
Many laboratory methods have been utilized for quantifying the potential cold 
hardiness of woody plants. Tissue discoloration (Howell and Weiser, 1970; van Huystee et al., 
1967), specific conductivity (Wilner, 1959; Wilner, 1960), multiple freezing point exotherms 
(McLeester et al., 1968), and tetrazolium staining (Steponkus and Lanphear, 1967) methods are 
among the most popular. Stergios and Howell (1973) evaluated these four methods for 
reliability and convenience and concluded that, although the tissue discoloration method was 
slower than the other methods, it was the most reliable. Even though the tissue discoloration 
method is slower than the other three methods evaluated by Stergios and Howell (1973), the 
time required (=16 days) is minimal compared to field trials, the method requires no special 
equipment, and it has been shown to be consistently accurate with numerous woody plant 
species (Pellett et al., 1981). 
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Several recent studies have utilized the tissue discoloration method to assess the 
phenology of cold acclimation and depth of cold hardiness in various woody plant species. 
Lindstrom and Hierro (1992) used this method to assess leaf and stem hardiness of six 
selections of Chinese evergreen oak (Quercus myrsinifolia). McNamara and Pellett (1993) 
used visual detection of tissue damage to assess the cold hardiness of flower buds of six 
Forsythia cultivars, and Johnson and Hirsh (1995) used a variation of the tissue discoloration 
method to screen foliage cold hardiness of 35 broadleaf evergreen taxa. Scheiber et al. (2000) 
defined the cold hardiness potential of 12 Rhododendron taxa, and McNamara et al. (2002) 
used tissue discoloration to compare the cold hardiness of tree and shrub cultivars growing in 
two disparate locations. Because of its ease, accuracy, and wide applicability, I chose the tissue 
discoloration method as the main method for assessing the phenology and depth of cold 
acclimation in the three subspecies of Alnus maritima. Field trials and a method using shoot 
growth were also included to support and supplement the results of the analysis of tissue 
discoloration. 
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CHAPTER 2. ALNVS MARITIMA: A RARE WOODY SPECIES 
FROM THE NEW WORLD 
A paper published in The New Plantsman 
James A. Schrader and William R. Graves 
Although first introduced into cultivation in the 1870' s and praised for its ornamental 
character, Alnus maritima (Marsh.) Muhl. ex Nutt. (seaside alder) remains a rare woody 
species with unrealised potential. The ornamental promise of A. maritima was first recognised 
by Thomas Meehan, an Englishman who immigrated to the United States (Philadelphia, Pa) in 
1848 after serving for two years at the Royal Botanic Gardens at Kew. Mr. Meehan was best 
known as the publisher of Meehan's Monthly (1891-1902) and as the author of The American 
Handbook of Ornamental Trees (1853) and The Native Flowers and Ferns of the United 
States ( 1878-1880). In 1878, Mr. Meehan donated specimens of A. maritima to the Arnold 
Arboretum in Massachusetts. The appearance of plants, which had flourished at the arboretum, 
led C. S. Sargent (1896) to write "Its brilliant foliage and its bright golden staminate aments, 
hanging in September from the ends of the slender leafy branches, make it at that season of the 
year an attractive ornament for parks and gardens." Since that time, few people have become 
aware of this handsome alder. In 1986, Peter Mazzeo, botanist at the U.S. National Arboretum, 
wrote that A. maritima was not commonly cultivated but was sometimes grown as a rare 
species or a botanical curiosity (Mazzeo, 1986). Today, commercial production of this species 
is scant, but its ornamental appeal and physiological attributes have renewed interest in the 
development of A. maritima for use in managed landscapes. 
CLASSIFICATION AND DISTRIBUTION 
Of the nine species of Alnus (Betulaceae) native to North and South America, Alnus 
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maritima is the only member of the subgenus Clethropsis (Spach) Regel; all others have been 
placed in the subgenera Alnus or Alnobetula (Ehrhart) Petermann (Furlow, 1979). The two 
other members of the subgenus Clethropsis, Alnus nepalensis D. Don and Alnus nitida 
(Spach) Endl., are indigenous only to southern Asia. Clethropsis is distinguished most from 
other alders by its autumnal flowering habit. All other alders flower in the spring. Autumn 
flowering prevents A. maritima from hybridising naturally with other alder species and aids in 
the identification of plants in the wild. Alnus maritima and Alnus serrulata (Ait.) Willd. are 
sympatric in Georgia and on the Delmarva Peninsula, but the two species remain segregated by 
temporal isolation. 
Murai (1964) was the first author to place A. maritima among its natural relatives in the 
taxon Clethropsis, but Murai considered Clethropsis to be merely a section and placed it, along 
with four other sections, in the subgenus Gymnothyrus. Stibolt (1978) acknowledged Murai s 
arrangement of the genus, but after comparing leaf characteristics, concluded that Clethropsis 
and another of the sections from subgen. Gymnothyrus, section Japonicae, were very similar 
and, taken together, were distinct from other alders. Furlow (1979) undertook a thorough 
examination of American Alnus including numerical taxonomic and chemosystematic studies 
and finally promoted Clethropsis to the rank of subgenus with the three autumn-blooming 
species as its only members. Furlow (1979) provided a solid assessment of A. maritima and 
its relationship with alders of the New World, but substantial similarities between Clethropsis 
and Japonicae suggest that work on the infrageneric systematics of whole-world Alnus species 
is not yet complete. 
Alnus maritima was first described by Humphry Marshall (1785), who gave it the 
binomial name Betula-Alnus maritima and the persisting common name, seaside alder. Nuttall 
(1842) later described A. maritima as a species in the genus Alnus, published the name Alnus 
maritima, and cited an unpublished manuscript by Muhlenberg (1807) as the origin of the 
name. In 1947, Sargent included both Marshall and Nuttall as authors of previous descriptions 
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of this species, with no mention of the work of Muhlenberg. Likewise, Murai ( 1964) recorded 
the name and its authorities as Alnus maritima (Marsh.) Nuttall. Furlow (1976), believing that 
the species must be renamed because Nuttall based his name on Muhlenberg's manuscript, 
rather than on the first available epithet (maritima, from Betula-Alnus maritima Marshall), 
offered the name Alnus metoporina Furlow. Stibolt et al. (1977), citing Article 55 (2) of the 
International Code of Botanical Nomenclature (Stafleu et al., 1972), demonstrated that the 
name change was unnecessary, and the previous name, Alnus maritima (Marsh) Muhl. ex 
Nutt., must be retained. Stibolt ( 1978) also revealed the erroneous use of the name A. 
maritima by some authors when referring to certain Asian alders. Examples of this incorrect 
usage include A. maritima p japonica Regel, A. maritima var. obstusata Fr. et Sav., and A. 
maritima var.formosana Burk (Stibolt, 1978). There has been one attempt to classify A. 
maritima at the infraspecific level. In 1983, Murray proposed that the two populations known 
at the time be considered subspecies and/or varieties, apparently based solely on their 
geographic disjunction. The population in Delaware and Maryland he named Alnus maritima 
subsp. maritima, and he proposed the population in Oklahoma be called Alnus maritima 
subsp. metoporina (Furlow) E. Murr. (Murray, 1983). Our present research concerning the 
ecology and biosystematics of A. maritima should help determine if Murray's assessment was 
correct. 
Alnus maritima occurs naturally in only three small, disjunct populations in the United 
States (Fig. I). It is indigenous to the Delmarva Peninsula (Eastern Shore of Maryland and 
southern Delaware), south-central Oklahoma, and northwestern Georgia, where it was 
discovered in 1997 growing in and around a small swamp (Brian Dickman, pers. comm.). The 
origin of the disjunct and limited distribution of A. maritima has been the topic of much 
speculation. Before discovery of the population in Georgia, some believed the population in 
Oklahoma was transplanted from the Delmarva Peninsula by Native Americans (Duke, 1983; 
Stibolt, 1981). Motivation for such an endeavor might have been the demand for Alnus tissue 
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in folk medicine; Alnus remedies were used to treat many human ailments (Duke, 1983). 
Others believe the present distribution of A. maritima to be the remnant of a much larger range 
(Furlow, 1979; Stibolt, 1978). Evidence supporting this theory includes the distant location of 
its closest allies (southern Asia) and the fossil remains of an extinct species much like A. 
maritima (Alnus relatus [Knowlton] Brown) that has been found in the northwestern United 
States (Fig.l) (Brown, 1937; Chaney, 1959; Chaney & Axelrod, 1959; Graham, 1965). This 
evidence also suggests the possibility that ancestors of Clethropsis from the New World and 
Old World may have had a continuous distribution across the Bering land bridge (Furlow, 
1979). The discovery of A. maritima in Georgia would seem to support the second theory, but 
the limited size of this population, which is found on approximately 50 hectares, allows for the 
belief that it too was introduced. 
Regardless of the origin of its present distribution, its rarity has led to the placement of 
A. maritima on the threatened species lists of the Georgia, Oklahoma, and Maryland Natural 
Heritage Inventories where it has been classified as critically imperiled, imperiled, and a watch-
list species, respectively (Georgia Natural Heritage Program, 1999; Maryland Heritage & 
Biodiversity Conservation Program, 1994; Oklahoma Natural Heritage Inventory, 1997). 
Alnus maritima also appeared as a "Threatened" species on the original, congressional 
"Report on Endangered and Threatened Plant Species of the United States" (Ripley, 1975). 
More recently, A. maritima has been removed from the federal endangered species list and 
given a federal status of 3C, which means it is among those "taxa that have proven to be more 
abundant or widespread than previously believed and/or those that are not subject to any 
identifiable threat" (Maryland Heritage & Biodiversity Conservation Program, 1994). The 
World Conservation Monitoring Centre lists the status of A. maritima as rare for Delaware 
and Maryland, vulnerable for Oklahoma, and rare for the World (Walter & Gillett, 1998). 
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HORTICULTURAL POTENTIAL 
Alnus maritima is a large shrub or small tree that grows to a height of 10 m with 
several trunks 15 cm in diameter. Plants produce glossy, tatter-resistant foliage (Fig. 2) that is 
the darkest green of the American alders (Furlow, 1979), and we have observed trees in the 
wild with reddish-brown leaf colour in late autumn. The red pistillate flowers of A. maritima 
are borne in scaly clusters (strobili) close to branch ends, while its yellow staminate flowers are 
borne in terminal, pendulous catkins. The bright yellow catkins are particularly ornamental 
against the dark green foliage, and early-autumn flowering provides a unique attractiveness at a 
time of year when few other woody species are in bloom. "As a garden-plant this Alder has 
considerable beauty, especially in the autumn when it is covered with its large, bright, golden-
colored catkins of male flowers which hang from the ends of the slender branches" (Sargent, 
1891). 
Representatives of this species can be found at several gardens and arboreta both in the 
United States and in the United Kingdom. In the United States, A. maritima can be seen at 
Arnold Arboretum, Holden Arboretum (Kirtiand, Ohio), Morton Arboretum (Lisle, Illinois), 
and at Reiman Gardens on the campus of Iowa State University (Ames, Iowa). In the United 
Kingdom plants can be seen at Younger Botanical Garden, Sir Harold Hillier Gardens and 
Arboretum, and at the Royal Botanic Gardens Kew. At Kew there are two trees in the alder 
collection by the lake. The older of the two was planted in the spring of 1979 and had reached 
a height of 5 metres by 1997. The second tree was planted in 1988. Both of the trees are 
growing well in the climate of south-eastern England. 
Although they are members of the same species, plants from the three separate 
populations of A. maritima have been shown to possess morphological differences, even when 
grown under the same environmental conditions (Schrader & Graves, 2000a). When grown 
together in a greenhouse, leaves of plants from the Oklahoma population were longer and more 
narrow than the leaves of plants from Georgia and the Delmarva Peninsula. Plants from 
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Oklahoma were more densely foliated than plants from Georgia and had a more upright 
growth habit than plants from Georgia and the Delmarva Peninsula. These and other 
differences in plants from the three locations illustrate genetic divergence among the three 
disjunct populations and the potential for selection of A. maritima with superior horticultural 
traits (Schrader & Graves, 2000a). 
Alnus maritima and other alders are actinorhizal species that can utilise atmospheric 
nitrogen through a symbiotic relationship with the nitrogen-fixing actinomycete, Frankia. 
Benson and Silvester (1993) conclude that actinorhizal plants could be particularly useful in 
reclaiming and conditioning soil, and acting as nurse, windbreak, and ornamental plants. 
Alders have been used extensively in Europe and Japan as ornamentals and hedges along rivers 
and streams to control erosion (Hashimoto et al., 1973; Wheeler & Miller, 1990). In the 
United States, alders are planted as ornamentals, but they are also used extensively for 
reclamation of areas strip-mined for coal (Lowry et al., 1962). Alders are preferred for 
reclamation projects because they establish quickly, grow rapidly, produce abundant leaf litter, 
and fix nitrogen (Funk, 1973). The capacity to utilise atmospheric nitrogen should make A. 
maritima an excellent choice for landscapes where low soil nitrogen limits growth of other 
species or where there is a desire to minimise fertiliser use. 
In the wild, A. maritima is restricted to soils that are at least periodically saturated with 
fresh water, and when it occurs with other woody, lowland species, it appears to have a selective 
advantage in the wettest soils (Fig. 3). Its natural preference for saturated soils should make 
A. maritima especially useful in landscapes prone to flooding and may make it superior to 
other alders in erosion-control applications. Hennessey et al. (1985) have shown that A. 
maritima can perform better under moderate and severe drought stress than does Alnus 
glutinosa (L) Gaertn. While A. glutinosa developed thin, chlorotic leaves and reduced apical 
dominance in response to water-deficit stress, these morphological changes were not observed 
in A. maritima under the same treatment conditions. This evidence suggests that, although it 
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occurs naturally only in wet soils, A. maritima may also be useful on well-drained sites. Field 
trials with one-year-old seedlings installed on well-drained sites in Iowa support this 
conclusion. In their second season and receiving only natural precipitation, plants appeared 
healthy and showed abundant growth. Along with these field trials, researchers at Iowa State 
University are performing experiments that will quantify the responses of A. maritima to water 
stress. 
Preliminary results from a study we have begun on cold hardiness indicate that, 
although the three populations of A. maritima are found in United States Department of 
Agriculture (USDA) hardiness zone 7 (mean annual minimum temperature of -12 to -18 °C), 
plants may be hardy in areas with mid-winter temperatures below -30 °C. Over 300 seedlings 
from seed sources in Oklahoma, planted on sites in Iowa located in USDA hardiness zones 4b 
and 5a (mean annual minimum temperatures of -29 to -32 °C and -26 to -29 °C, respectively), 
showed 100% survival through the winter of 1998-99, which included a one-time low 
temperature of -35 °C on January 5. Plants showed survival of the entire shoot, including the 
apex. Another small trial with 30 seedlings planted in northern Minnesota (USDA Zone 3a, 
mean annual minimum temperature of -37 to -40 °C) resulted in 93% survival through the first 
winter. Results from a more thorough assessment of tissue hardiness, which includes 
seedlings from all three populations of A. maritima, should be completed in 2001. 
The potential for invasiveness, which is a problem with some introduced species, may 
not be a concern with A. maritima when plants are utilised in areas with mean annual minimum 
temperatures equal to or colder than those of their native range (-15 °C and lower). Even 
though plants are hardy to areas with colder temperatures than those of their natural 
provenances, cold hardiness of A. maritima seeds may be much more limited. The timing of 
A. maritima seed dispersal (between November and March) exposes seeds to winter 
temperatures that reduce seed survival and germinability. Schrader and Graves (2000b) have 
shown that germination of seeds from Oklahoma is reduced from 63.3% to 19.5% after three-
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and six-day exposures of stratified seeds to temperatures typical of native habitats in winter 
(-15 °C). Exposures of stratified seeds to temperatures colder than those of native habitats 
(-20 °C) kills all but 0.7% of the seeds from all three populations. Alnus maritima shows 
strong potential for use in managed landscapes with little threat of becoming a nuisance. 
PROPAGATION AND PRODUCTION 
Alnus maritima is easily propagated from both seed and softwood cuttings. Strobili, 
the cone-like fruits of A. maritima, mature in late autumn. In November and early December 
seeds are completely mature and strobili are relatively dry, but no seed dispersal has taken 
place. Seeds can be found in strobili later, but most of the seeds are dispersed during the 
winter months. Only about a third of the seeds remains in the strobili by the middle of March, 
and germinability is lower for seeds that persist on trees through the winter (Schrader & 
Graves, 2000b). One potential problem with seed collection is the presence of strobili from a 
previous season (Fig. 4). These older strobili are retained on the plant but contain no viable 
seeds. Care must be taken to select only strobili that have matured during the present season. 
Stratification increases the rate, completeness, and uniformity of germination for seeds 
of A. maritima (Schrader & Graves, 2000a). Six to 10 weeks of cold stratification should be 
used to optimise germination. Seeds should be placed between pieces of moist paper in a 
sealed plastic container (to prevent evaporation) and be held at approximately 4 °C. Seeds 
from trees of the Oklahoma population show a higher average germination percentage (55%) 
than do seeds from Georgia (31%) or the Delmarva Peninsula ( 15%), and germination varies 
between seed sources (maternal plants) within each population. Germination ranged from 38 
to 82% for seed from trees in Oklahoma, from 12 to 58% for seed from trees in Georgia, and 
from 4 to 29% for seed from trees on the Delmarva Peninsula when mean averages were 
calculated by tree of origin (Schrader & Graves, 2000a). Successful seed propagation will 
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depend on the selection of good source trees, as well as application of the proper stratification 
treatment. 
Softwood cuttings can be an effective way to propagate A. maritima (Schrader & 
Graves, 2000c). Terminal cuttings collected in June from mature plants in the wild have been 
shown to root well, especially when pre-treated with rooting compound containing indole-3-
butyric acid (IB A) at 8 g/kg. By using this IB A concentration, cuttings from seven trees in 
Oklahoma showed an average of 68% rooting, with cuttings from one of these trees rooting at 
95%. Cuttings collected from trees in Oklahoma showed a higher percentage of rooting (68%) 
than did cuttings from trees of the Delmarva Peninsula (29%) and should be more useful for 
vegetative propagation (Schrader & Graves, 2000c). These results were obtained for cuttings 
stuck in wooden flats filled with perlite and held under intermittent mist for 9 weeks. Cuttings 
should be collected early in the season (mid-June) when using mature plants as ortets. 
Vegetative propagation can be optimised by using cuttings from juvenile stock plants. 
In June, 1999, we conducted a trial by using terminal and non-terminal softwood cuttings from 
one-year-old seedlings of A. maritima that were grown under greenhouse conditions. Cuttings 
taken from seedlings representing all three populations were pre-treated with rooting 
compound (IB A at 8 g/kg) and held under intermittent mist for 6 weeks. Non-terminal 
cuttings (two- and three-node) from the three populations survived and rooted better (88%) 
than did terminal cuttings (54%). Mean averages combined over cutting types showed that 
cuttings from seedlings from Oklahoma had the greatest rooting success (81%) compared to 
cuttings from seedlings from Georgia (72%) and Delmarva (59%). Terminal and non terminal 
cuttings from two of the seedlings from Oklahoma and one of the seedlings from Georgia 
showed 100% rooting. Along with the higher survival and rooting of cuttings taken from 
juvenile plants, clones produced from juvenile tissue show more vigorous shoot growth than 
clones propagated from mature ortets. Propagation and production of A. maritima from 
softwood cuttings will be most successful when using juvenile plants as ortets, and the use of 
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stock seedlings, rather than mature plants in the wild, will spare the natural populations from 
the physical disturbance of cutting collection. 
Seedlings and plants produced from softwood cuttings show excellent growth and have 
the potential to reach marketable size very quickly. With seedlings, there is an initial period of 
slow development that lasts up to 3 or 4 weeks after germination. After this period, seedlings 
grow very quickly and can reach a height of 60 cm with 14 weeks of additional growth. Under 
greenhouse conditions, A. maritima can grow from seed to 2 metres in height within 18 
months. Only slightly less vigorous, rooted cuttings from juvenile stock produce attractive 
plants within the same time frame. Along with the benefits of nitrogen fixation that are 
observed with plants in the landscape, this biological process also may lower production costs 
by reducing the need for fertiliser. Our plants that reached a height of 2 metres within 18 
months received fertiliser of 11.0 mM N (16.5N-2.2P-13.5K) in tap water once a week during 
the first six months of growth and then were given no fertiliser for the next year. These plants 
showed vigorous growth with no observable signs of nitrogen deficiency. 
Based on limited observations and reports, it appears that spring is the best time for 
installation of plants in the landscape. Seedlings planted out in autumn after growing under 
greenhouse conditions are densely foliated and struggle with limited water availability unless 
irrigated generously. Autumn planting in areas colder than native habitats also appears to limit 
the ability of seedlings to acclimatise before winter. Under the conditions in Iowa, more winter 
damage has been seen on seedlings planted in autumn than on seedlings planted during spring 
or summer. Seedlings establish well when overwintered in cold storage for three months and 
planted out in spring. Spring planting of seedlings that are just beginning to form leaves 
reduces the need for irrigation, permits root growth before the stress of summer heat and 
irradiance, and allows plants the entire season to adjust to climactic conditions before winter. 
Although escaping the attention of horticulturists for over 100 years after its first 
cultivation, A. maritima is once again being recognised for its strong potential as a stress-
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resistant large shrub or small tree for use in managed landscapes. Its striking ornamental 
features, promising physiological attributes, and ease of propagation, along with its peculiar 
timing of anthesis, intriguing disjunct distribution, and status as a rare and threatened species, 
make A. maritima a very interesting woody taxon deserving of further study, greater 
recognition, and increased use in the landscape. 
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Alnus maritima 
Figure 1. Distribution of Alnus maritima, found naturally in only three small 
disjunct populations in Oklahoma, Georgia, and on the Delmarva Peninsula (Delaware and 
the Eastern Shore of Maryland). Also shown are sites in the northwestern United States 
where fossils of Alnus relatus have been found. 
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Figure 2. Glossy, dark-green foliage and immature catkins of Alnus maritima from 
Oklahoma. 
Figure 3. Alnus maritima growing with roots completely submerged in water (Oklahoma). 
Figure 4. Strobili of Alnus maritima matured during the present season (bottom) and 
matured during the previous season's growth (top). 
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Figure 5. Alnus maritima from C.S. Sargent, Silva of North America Vol IX: (1896). 
This historic drawing was included in our journal paper, "Alnus maritima: a rare woody 
species from the New World," by the editors of The New Plantsman and was not provided 
by either of the authors. 
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CHAPTER 3. INFRASPECIFIC SYSTEMATICS OF ALNUS MARITIMA 
(BETULACEAE) FROM THREE WIDELY DISJUNCT PROVENANCES 
A paper accepted for publication in Castanea 
James A. Schrader and William R. Graves 
ABSTRACT 
Two new subspecies of Alnus maritima, A. maritima subsp. oklahomensis from 
south-central Oklahoma and A. maritima subsp. georgiensis from northwestern Georgia, are 
described based on differences in growth habit, leaf and fruit morphology, and geographic 
isolation. The two new subspecies, along with subsp. maritima found in Maryland and 
Delaware on the Delmarva Peninsula, formalize the infraspecific classification of three widely 
disjunct populations of A. maritima, which have undergone considerable divergence since their 
isolation. Numerical analyses of 23 characters of mature trees from natural sites and 22 
characters of seedlings grown in a uniform environment revealed many differences and allowed 
the determination of relative taxonomic distances between subspecies. Our examination of 
morphology, growth habit, distribution, and habitat of the three subspecies also rendered a 
plausible explanation for the peculiar disjunct occurrence of A. maritima. 
INTRODUCTION 
Alnus maritima (Marsh.) Muhl. ex Nutt. is a rare, woody, riparian species of Alnus 
subg. Clethropsis (Spach) Regel found naturally in three disjunct populations in the United 
States (Fig. 1). The occurrence of A. maritima in south-central Oklahoma and on the 
Delmarva Peninsula in Maryland and Delaware has been known for over 100 years, while the 
population in northwestern Georgia was not recognized until 1997 (Brian Dickman, pers. 
comm.). It has been postulated that subg. Clethropsis evolved in southern Asia, that the early 
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ancestors of A. maritima entered North America via the Bering land bridge, and that the 
present disjunct occurrence of this species is but a remnant of a larger distribution that has 
given way to range restriction (Furlow 1979). The large geographic separation between the 
three populations suggests that genetic divergence might warrant the consideration of the three 
populations as subspecies. 
Before the discovery of the population in Georgia, Murray (1983) attempted to treat the 
two known populations as separate subspecies and/or varieties. He named the Oklahoma 
population subsp. metoporina after a previously proposed (Furlow 1976), but unwarranted 
(Stibolt et al. 1977), specific epithet. Rather than collecting a type specimen from Oklahoma 
and providing a description of his own, Murray (1983) included a reference to Furlow's 
previous description and type specimen for Alnus metoporina. The major problem with 
Murray's treatment of the subspecies from Oklahoma was that the type specimen used and 
described by Furlow (1976) was collected in Delaware (Furlow 205 [MSG!]), not in 
Oklahoma. Murray's infraspecific name, Alnus maritima subsp. metoporina (Murray 1983) is 
therefore illegitimate according to Articles 7 and 32 of the International Code of Botanical 
Nomenclature (ICBN) (Greuter et al. 1999) because no valid type specimen or description was 
published for the subspecies in Oklahoma. 
Although the subspecies name proposed by Murray (1983) must be considered 
illegitimate, and although he based his conclusion on the geographical separation alone, his 
contention that the populations of Alnus maritima deserve infraspecific ranking appears 
correct. Here we provide evidence from a numerical analysis of morphology, growth habit, and 
developmental rates of both juvenile and mature plants, that significant genetic divergence has 
taken place among the three disjunct populations, and that these populations should therefore 
be considered as three subspecies. We propose the names Alnus maritima subsp. 
oklahomensis Schrader & Graves for the population in Oklahoma and Alnus maritima subsp. 
georgiensis Schrader & Graves for the population in Georgia. The population on the 
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Delmarva Peninsula is thus Alnus maritima subsp. maritima. Also included are descriptions 
of the distribution and habitat of each of the three subspecies of A. maritima and a plausible 
explanation of the origin of the widely disjunct distribution of the species. 
MATERIALS AND METHODS 
The phenotypic variation and divergence of the three subspecies of Alnus maritima 
were resolved through numerical analysis of morphology, growth habit, and developmental 
rates of mature plants in nature (23 characters evaluated) and juvenile plants (22 characters 
evaluated). A mature plant was defined as any plant that bore fruit. Operational taxonomic 
units (OTUs) were individual plants for both age groups. 
For the evaluation of mature plants, direct measurements in the field and from 
herbarium specimens were taken during the late summer (22 Aug. 2000 to 2 Sept. 2000) from 
trees across the entire known distribution of each subspecies (Fig. 2). We used only new 
specimens in our evaluation because we knew of no existing herbarium specimens of A. 
maritima from Georgia. The three populations (subspecies) of A. maritima were divided 
geographically into six sub-populations. Pennington Creek and Blue River sub-populations 
(subsp. okiahomensis) are located on separate waterways in south-central Oklahoma (Fig. 2A). 
The two main sub-populations of subsp. maritima (SW Delmarva and NE Delmarva) are 
located on the two major watersheds of the Delmarva Peninsula (Fig. 2B). Plants from the 
SW Delmarva sub-population are found on waterways that flow into the Chesapeake Bay, 
while plants from the NE Delmarva sub-population grow in and along waterways that flow into 
the Delaware Bay or Atlantic Ocean. Drummond West and Drummond East sub-populations 
(subsp. georgiensis) are separated by ~1 km within the same waterway in northwestern 
Georgia (Fig. 2C). Forty accessible trees from each subspecies were selected randomly and 
measured. The identity and location of each tree were recorded according to population 
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(subspecies), sub-population, state, county, body of water, and the longitude, latitude, and 
elevation measured by global positioning (GPS) equipment to an accuracy of ±5 m. 
Measurements of morphology and growth habit were tree height, canopy diameter 
(dia.) (mean of north-south and east-west measurements), horizontal canopy area (area of an 
ellipse calculated from the two canopy dia. measurements), canopy surface area (surface area 
of a sphere calculated from the mean of the three-dimensional canopy measurements), tree 
shape (tree height / canopy dia ), number of trunks >1 cm dia. per tree, trunks per nr of 
canopy (# of trunks / horizontal canopy area), dia. of largest trunk at 1 m of height, leaf length, 
leaf width at widest axis, leaf length:width ratio, number of secondary leaf veins on one side of 
midrib, veins per cm of leaf length, distance from proximal end of leaf blade to its widest axis, 
leaf shape (distance to widest axis / leaf length), leaf apex angle (full angle, both sides of 
midrib), leaf thickness (dried leaves measured at widest axis and between secondary veins), 
strobilus length, strobilus width at widest axis, strobilus lengthrwidth ratio, distance from 
proximal end of strobilus to its widest axis, strobilus shape (distance to widest axis / length), 
and relative health rating (1-10, 1 - worst health, 10 = best health). Leaf measurements were 
means of the fifth through ninth leaves from the distal end of each herbarium specimen, and 
strobilus measurements were means of the five largest strobili from each specimen. 
An inferred phytogeny of the three subspecies was produced using the neighbor-
joining method. All of the above characters were used for the analysis except canopy surface 
area, leaf distance to widest axis, leaf thickness, strobilus distance to widest axis, and health 
rating. In place of these, we analyzed timing of anthesis, presence or absence of seed wings 
and pistillate racemes, and prevalence of acuminate leaf apices and attenuate leaf bases. The 
outgroup for the analysis was Alnus japonica (Thunb.) Steud., an Asian species from what is 
considered the most primitive subgenus, subg. Alnus (Furlow 1979). Measurements and 
herbarium specimens from 10 mature A. japonica were used. These representative specimens 
were: Schrader 121,122 (ISC), from two trees at the North Central Regional PI Station (NC7), 
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Ames, IA, accession number PI 479297, cultivated from wild germplasm, collected from Japan, 
Kushiro-shi, Hokkaido; Dosmann (D.) 1,2 (ISC), from two trees at the Arnold Arboretum, 
accession number 57-92, cultivated from wild germplasm, collected from Japan, Hayakita; D. 
3,4,5,6 (ISC), from four trees at the Arnold Arboretum, accession number 293-83, cultivated 
from wild germplasm, collected from China; D. 7 (ISC), from the Arnold Arboretum, 
accession number 432-73, cultivated from wild germplasm, collected from Japan, Hokkaido; 
D. 8 (ISC), from the Arnold Arboretum, accession number 1464-77, cultivated from wild 
germplasm, collected from Japan, Honshu. 
One soil core to a depth of 30 cm was collected at the base of each tree or localized 
group of trees. Samples were analyzed for plant-available concentrations of nitrate (N, by 
Colorimetric), phosphorus (P, by Olsen), potassium (K, with NH4OAc), calcium (Ca, with 
NH4OAc), and magnesium (Mg, with NH4OAc), and for soil pH and percentage organic 
matter (by combustion) by the Soil and Plant Analysis Laboratory, Iowa State University, 
Ames, Iowa. The soil water table (vertical distance from the soil-trunk intersection to the 
visible level of water in the adjacent waterway) was measured at the base of each tree. Local 
climatic conditions were also recorded for the three provenances. The percentage of daily 
shade caused by competing trees and local landforms was estimated for each plant. Annual 
mean minimum and maximum temperatures, mid-winter minimum (the lesser of January or 
February means per year), mid summer maximum (the greater of July or August means per 
year), and annual precipitation were calculated from data recorded from 1981 to 1990 at 
weather stations in Ardmore, OK; Rome, GA; and Denton, MD. and compiled by the National 
Climate Data Center (2001). 
Measurements of juvenile plants were adapted from previous research during which we 
evaluated the growth and morphology of seedlings in a greenhouse up to 18 weeks after 
germination (Schrader and Graves 2000a). Measurements were leaf width at widest axis 
(newest fully expanded leaf), leaf length from the apex to the petiole, leaf length: width ratio, 
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surface area of all leaves longer than 1 cm (per plant), leaf area ratio (Harper 1977), dry leaf 
weight (per plant), specific leaf weight (dry weight divided by surface area), bullate rating 
(rating of 1 or 2 when <50% or >50% of leaves had puckered surfaces, respectively), stem 
thickness at the cotyledonary node, stem curvature rating (I if the stem was uniformly upright, 
2 if the primary stem was distinctly curved or twisted), stem deviation from vertical (deviation 
from a line perpendicular with the upper plane of the pot), length of the intemode directly 
basipetal to the newest fully-expanded leaf, shoot length (length of the primary stem from the 
cotyledonary node to the apex), number of leaves plus axillary shoots longer than 1 cm, leaves 
plus axillary shoots per cm of stem, dry weights of root and shoot systems and the root:shoot 
dry weight ratio, net assimilation rate and relative growth rate for weeks 12 through 18 
(calculated as described by Harper 1977), and simple growth rate (change in mean plant dry 
weight from week 12 to week 18 divided by the number of days of growth) (Schrader and 
Graves 2000a). 
Data were analyzed by using the general linear models (GLM) procedure and the least 
significant difference (LSD) option of S AS/ST AT® software, Version 6.12 (1989-96). A 
correlation procedure was used to examine if subspecies characteristics were consistent 
between juvenile and mature plants. Analysis of covariance was performed to determine the 
importance of climatic and edaphic factors that may have contributed to the divergence of the 
three subspecies. Cluster analyses and dendrograms were used to assess the relative 
taxonomic distances between the three subspecies, between sub-populations within the 
subspecies, and to test the predictive power of the taxonomic characters. All characters were 
used for cluster analyses except for the health rating of mature plants, which might be 
considered too dependent on environmental influences. Centroid, UPGMA (Unweighted Pair-
Group Method using arithmetic Averages), and Ward's clustering analyses were performed 
using JMP® software, Version 3.2.6 (1989-99), and neighbor-joining cladograms were 
produced using PHYLIP (Phytogeny Inference Package), Neighbor software (Felsenstein 
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1995). Taxonomic distance for UPGMA cluster analyses was defined as the average distance 
between pairs (one in each cluster) of observations (SAS Institute Inc. 2000) or between 
individual entities when only two were joined. Taxonomic distances for neighbor-joining 
analyses were Euclidean distances (Sneath and Sokal 1973). Data were standardized and 
unweighted in all cluster analyses. Standardization consisted of dividing the differences for 
each variable by its standard deviation (SAS Institute Inc. 2000). 
Plant descriptions were organized according to Radford et al. (1974). Latin diagnoses 
were translated according to Steam (1983). 
RESULTS 
Character Means 
Numerical analysis revealed many differences in the morphology, growth habit, and 
developmental rates of the three subspecies of Alnus maritima. Of the 23 characters measured 
on mature plants in nature, six showed differences in mean separation between all three 
subspecies, 14 had differences between one subspecies and the other two, and only three 
character traits were statistically similar for all three subspecies (Table 1). 
Mature trees of subsp. georgiensis were taller than those from the other two 
subspecies, but subsp. oklahomensis had the largest canopy diameter and horizontal canopy 
area (Table 1). The composite measurement of tree shape (height / dia.) was greatest for 
subsp. georgiensis and least for subsp. oklahomensis. The canopy surface area was larger for 
subspp. oklahomensis and georgiensis than it was for subsp. maritima. Subspecies 
oklahomensis had fewer trunks per m2 than did the other two subspecies, but mean diameter of 
its trunks was larger than that of subsp. maritima. Trees from subsp. maritima were the 
smallest for every measurement of tree size (tree and trunk characters in Table 1) except the 
number of trunks, which showed no differences, and trunks per m2, which was highest for 
subsp. maritima. 
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The greatest differences in leaf morphology were between subsp. oklahomensis and the 
other two subspecies (Table 1). The leaves of oklahomensis were longer and narrower than 
were those of the other two subspecies, giving subsp. oklahomensis the greatest leaf 
length:width ratio. Plants from Oklahoma had the greatest number of secondary veins per leaf, 
the lowest composite measurement for leaf shape, and the smallest leaf apex angle. Leaves of 
subsp. georgiensis had a greater leaf lengthrwidth ratio than did subsp. maritima and greater 
leaf thickness than the other two subspecies (Table 1). 
The strobili of subsp. georgiensis were shorter than those of the other two subspecies, 
and strobili of subsp. oklahomensis were narrower with a greater lengthzwidth ratio than found 
in the other two subspecies (Table 1). Strobili from subsp. maritima had a lower distance to 
widest axis and lower composite measurement for strobilus shape than did strobili of the other 
two subspecies. Finally, the mature plants from subspp. oklahomensis and maritima were 
rated as healthier than those of subsp. georgiensis (Table 1). 
An earlier study by Schrader and Graves (2000a) demonstrated that morphology, 
growth habit, and developmental rates of 18-week-old seedlings also differed among 
subspecies. Seedlings of subsp. oklahomensis have thicker and straighter stems than do 
seedlings of the other two subspecies (Table 2). As was observed with mature trees, seedling 
leaves of subsp. oklahomensis are longer and narrower than are leaves from the other two 
subspecies (Table 2). Leaves of subspp. georgiensis and maritima are more bullate than 
leaves of subsp. oklahomensis (Schrader and Graves 2000a). 
After 18 weeks of growth, seedlings of subsp. georgiensis are taller than seedlings 
from the other two subspecies and have longer intemodes than do seedlings of subsp. 
oklahomensis (Table 2). Seedlings of subsp. oklahomensis are densely foliated. They have 
more leaves and axillary shoots and more leaf surface area per plant than do seedlings from the 
other two subspecies (Table 2). Compared to seedlings from subsp. georgiensis, seedlings 
from subspp. oklahomensis and maritima have more leaves and shoots per unit length of 
42 
primary stem and a greater leaf area ratio (Table 2). Seedlings from subspp. oklahomensis and 
georgiensis have greater simple growth rates and leaf, root, shoot, and total dry weights after 18 
weeks than seedlings from subsp. maritima (Table 2). Seedlings from subsp. oklahomensis 
have a greater root:shoot ratio than plants from the other two subspecies, while plants from 
subsp. georgiensis have the greatest specific leaf weight (Schrader and Graves 2000a). 
Cluster Analyses 
In the most basic of our cluster analyses, the character means recorded in Tables I and 
2 were used to resolve the relative taxonomic distances of the three subspecies and to produce 
hierarchical phenograms of these relationships (Fig. 3). All three types of hierarchical 
clustering methods (centroid, UPGMA, and Ward's) produced similar phenograms that 
showed subspp. georgiensis and maritima clustering first when analyzing either character 
means from mature trees (Fig. 3A) or from seedlings (Fig. 3B). When using only data for 
mature trees, taxonomic distances for UPGMA clustering were 5.75 between georgiensis and 
maritima, 6.10 between georgiensis and oklahomensis, and 8.38 between maritima and 
oklahomensis (Fig. 3A). Data from seedlings showed comparable distances of 5.22 between 
georgiensis and maritima, 6.48 between georgiensis and oklahomensis, and 7.14 between 
maritima and oklahomensis (Fig. 3B). These two phenograms resulted from the same number 
of characters but indicated less taxonomic distance between subspecies for seedlings than for 
mature plants. Yet, when overlaid, the shapes of the two phenograms were almost identical. 
For the next level of cluster analyses, all six of the sub-populations clustered within 
their subspecies (Fig. 4), with Pennington Creek and Blue River sub-populations from 
Oklahoma the most similar in morphology and growth habit. The sub-populations of subsp. 
maritima, SW Delmarva and NW Delmarva, were more similar in morphology and habit than 
were the sub-populations of subsp. georgiensis (Drummond West and Drummond East) 
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(Fig. 4), even though the geographical distribution and separation between plants was much 
greater for subsp. maritima than for subsp. georgiensis (Fig. 2B and 2C). 
Cluster analyses also were performed on measurements of growth and morphology 
from individual OTUs of seedlings and mature plants. Again, the centroid, UPGMA, and 
Ward's clustering methods produced similar phenograms (not shown). With seedling data (22 
characters, 27 OTUs), all three methods correctly placed the 10 OTUs from subsp. 
oklahomensis into one cluster, six out of 10 of the OTUs from subsp. maritima into another 
cluster, and placed all seven of the OTUs from subsp. georgiensis along with two from subsp. 
maritima into a third main cluster. The other two OTUs from subsp. maritima appeared as 
outliers. UPGMA analysis of 22 characters of mature plants (120 OTUs, 40 from each 
subspecies) also produced three main clusters (phenogram not shown) and correctly placed 37 
of the 40 OTUs from subsp. oklahomensis into the first cluster. The second main cluster 
contained 32 of the 40 OTUs from subsp. georgiensis, one OTU from oklahomensis, and one 
from subsp. maritima. The third main cluster contained 30 of the 40 OTUs from subsp. 
maritima and three OTUs from subsp. georgiensis. The remaining OTUs from the three 
subspecies were placed in outlying clusters. 
In the final cluster analysis, data from mature plants of the three subspecies and the 
species Alnus japonica (the outgroup) were used to produce an inferred phylogenetic tree by 
the neighbor-joining method (Fig. 5). Based on 23 characters of morphology and growth 
habit, it was inferred that ancestors of subsp. oklahomensis were the first to diverge, followed 
by the divergence of the lines leading to subspp. georgiensis and maritima (Fig 5). The total 
Euclidean distances between subspecies were 4.35 between oklhomensis and georgiensis, 5.16 
between oklhomensis and maritima, and 2.95 between georgiensis and maritima. 
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Correlations Between Mature and Juvenile Characters 
Many characteristics of the subspecies were consistent between the 18-week-old 
seedlings and the mature trees. Correlation coefficients were r = 0.99 for leaf length, r = 0.92 
for leaf length/width ratio, r = 0.99 for plant height, and r = 0.93 for stem or trunk dia. 
Correlation coefficients for other related characters were r = 1.00 for the correlation between 
health rating of mature trees and leaves per cm of seedlings, r = 0.99 for the shape of mature 
trees and the stem curvature of seedlings, r = 0.97 for leaf thickness of mature trees and leaf 
specific weight of seedlings, r = -0.99 for trunks per m2 of mature trees and stem thickness of 
seedlings, and r = 0.60 for canopy surface area of mature trees and total leaf surface area of 
seedlings. 
Edaphic and Climatic Characteristics 
Analysis of environmental characteristics of the three provenances revealed differences 
in both soil and climate (Table 3). Soil nitrate concentrations from the Georgia provenance 
were over twice those of the other two provenances, and soil phosphorus concentrations were 
different for all three areas (Table 3). Soil potassium, calcium, and magnesium concentrations 
from Oklahoma samples were over twice those of the other two provenances. Soils from 
Oklahoma and Georgia were relatively high in organic matter (Table 3). Soils from Georgia 
and the Delmarva Peninsula had identical pH, while the pH of soils from Oklahoma was much 
greater (Table 3). Plants from Georgia were growing further above the water table than plants 
from the other two provenances, while plants on the Delmarva Peninsula (subsp. maritima) 
were growing closest to the water table. Plants from Georgia were in less shade than were 
plants of the other two subspecies, and the Georgia provenance received a greater amount of 
annual precipitation than did the other two areas (Table 3). The annual mean minimum and 
mid-winter minimum temperatures were lowest for the Delmarva provenance, while the annual 
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mean maximum and mid-summer maximum temperatures were highest for the Oklahoma 
provenance (Table 3). 
Analysis of covariance revealed some relationships between subspecies 
morphology/growth habit and local environmental conditions. Of the 206 potential 
relationships between environment and morphology/growth habit that were analyzed, 30 were 
significant at the P < 0.05 level (Table 4). 
DISCUSSION 
The most recent revision of the genus Alnus is a monograph by Furlow ( 1979) that is 
limited to those species found in the New World. Furlow's treatment was vigorous and 
contemporary, utilizing methods from numerical taxonomy and chemosystematics along with 
more traditional methods, and applying only three infrageneric ranks, the subgenus, the species, 
and the subspecies. The most important adjustment made by Furlow concerning the 
classification of Alnus maritima was to upgrade Alnus sect. Clethropsis (Murai 1964), which 
already contained A. maritima and two other closely related species, Alnus nepalensis D. Don 
and Alnus nitida (Spach) Endl., to the rank of subgenus (Furlow 1979). It is curious that 
Furlow neglected to classify the two populations of A. maritima known at the time (those in 
Oklahoma and on the Delmarva Peninsula) as subspecies when his own working definition of 
a subspecies would have allowed him to do so. Furlow (1979) defined subspecies as 
"segments of species having relatively large geographic ranges and which are distinct in 
morphology and (to at least some degree) habitat. The category is used not only for those taxa 
showing distinct geographical distributions, but also for ecotypes" (Furlow 1979). Perhaps 
Furlow lacked the quantity of data needed to resolve the infraspecific variation that exists. 
The Guide for Contributors to the Flora North America (Shetler et al. 1973) includes 
guidelines for the use of the infraspecific ranks of subspecies and variety that seem more 
objective than the definition used by Furlow (1979). We have used their guidelines dealing 
46 
with morphology and phytogeography. Subspecies are either "geographically isolated 
populations that differ from one another by fewer characters than do species of the same genus 
and can be demonstrated to have some degree of interfertility," or subspecies are "ecologically 
specialized populations, particularly with respect to certain edaphic or climatic conditions, when 
there also is a morphological means of distinction" (Shetler et al. 1973). We have thoroughly 
examined the components found in these two definitions except for the degree of interfertility 
between the subspecies. In the case of Alnus maritima, the degree of interfertility is probably 
not a good indicator for infraspecific classification, because closely related species of Alnus 
hybridize readily in areas of sympatry, and many species of Alnus are extrinsically isolated, 
with distinct and isolated species, such as Alnus glutinosa (L.) Gartn. of western Europe and 
Alnus rubra Bong, of western North America, able to undergo successful artificial 
hybridization (Furlow 1979). 
The fact that the three subspecies of Alnus maritima are so widely separated has 
removed many of the questions and problems associated with delimiting similar taxa that occur 
over a more continuous geographic distribution. The three subspecies of A. maritima 
undoubtedly are reproductively isolated. Along with absolute reproductive isolation, the three 
disjunct populations of A. maritima possess ample differences in morphology, growth habit 
(Tables 1 and 2), and habitat (Table 3) to warrant their classification as subspecies. Both the 
differences in character means (Tables 1 and 2) and the results of the cluster analyses (Figs. 3, 
4,5 and analyses using individual OTUs) demonstrate that significant divergence has occurred 
between the three subspecies since the time of their geographic isolation. The fact that the sub-
populations (Fig. 4) and the individual OTUs clustered within their subspecies demonstrates 
the credibility and resolving power of the measured characters. 
With this evidence at hand, one might question whether the three disjunct populations 
warrant classification as species rather than subspecies. Such a conclusion would be difficult 
to defend. With major similarities between the disjunct populations, including autumnal 
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anthesis, production of both pistillate and staminate catkins during the same growing season as 
flowering, pistillate inflorescences (and later infructescences) solitary in leaf axils, and large 
strobili bearing fruit with reduced wings, characteristics not shared by any other American 
species of Alnus, the evidence leads us to conclude that the three populations are of the same 
species but worthy of separation at the infraspecific level. 
Analysis of covariance showed relationships between some of the characters of mature 
plants in nature and the environmental conditions measured (Table 4). Of the 30 significant 
relationships, only a few are easily interpreted as possible causal relationships where an 
environmental factor, rather than genotype, may have been largely responsible for the variation 
between specimens. As would be expected, canopy diameter and canopy surface area 
decreased with increasing percentage shade for all three subspecies (Table 4), illustrating the 
effects of competition with other trees, but shade/competition could not be the only factor 
responsible for the variation between subspecies. There was no statistical difference between 
subspp. oklahomensis and maritima for percentage shade (Table 3), yet subsp. oklahomensis 
had the greatest canopy dia. and canopy surface area, while subsp. maritima had the lowest 
measurements for these two characters (Table 1). All 30 of the significant relationships are 
similar to this example. Even with the effects of environment, ample phenotypic differences 
between subspecies are apparent. Still, some of the differences in habitat among the three 
provenances may have served as selective factors that influenced the timing and direction of 
genetic divergence of the three subspecies. 
Subspecies oklahomensis is found growing in slightly to moderately alkaline soils, low 
in nitrate, very low in phosphorus, low in potassium, high in calcium, and high in magnesium 
(Table 3). Subspecies oklahomensis grows along fast-flowing streams and rivers in southern 
Oklahoma, where the summers are extremely hot and dry (Table 3). The greater root dry 
weights and greater root : shoot ratios of genotypes from Oklahoma (Table 2) may be an 
adaptation to some of these environmental conditions. Larger root systems may enable subsp. 
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oklahomensis to obtain mineral nutrients from soils low in available nutrients (especially 
phosphorus), and/or the more extensive root systems may help secure plants and the soil 
around them in place along the turbulent waterways where they are found (Schrader and 
Graves 2000a). The Blue River and Pennington Creek flow so swiftly at many sites where 
plants are found that the river bottoms are stripped to the bedrock. At these sites, subsp. 
oklahomensis is found growing on the edge of the waterways, but also in small monotypic 
stands on islands. The only islands that exist in these areas are those supporting Alnus 
maritima; all other soils are eroded. Canopies of subsp. oklahomensis growing on the edge of 
these waterways often extend out over the water as they compete for sunlight against taller trees 
growing farther from the water. 
Subspecies georgiensis grows in a spring-fed swamp in slightly to moderately acidic 
soils that are low in phosphorus and very low in potassium (Table 3). The low concentration 
of potassium in soils of Drummond Swamp may have been partially responsible for the lower 
health rating seen in plants of subsp. georgiensis (Table 1). Potassium deficiency causes 
chlorosis and scorching of older leaves (Kozlowski and Pallardy 1997), symptoms we 
observed on some of the mature plants from Georgia. The greater annual precipitation in the 
Georgia provenance may be one reason why trees of subsp. georgiensis grow further above 
the water table than do trees from the other two subspecies (Table 3). The greater soil moisture 
provided by precipitation may help offset the need for trees in Georgia to be as closely 
associated with saturated soils as are the other two subspecies. Although the Georgia 
population covers a much smaller area than do the other two populations (Fig. 2), it supports 
what is possibly the largest natural monotypic stand of Alnus maritima in the world. 
Pastureland at the northwest end of Drummond Swamp contains a grove of trees made up of 
hundreds of individuals covering approximately five hectares. This pasture has been under 
continuous grazing by cattle since at least 1943 (W. Nelson, pers. comm.), and the extreme 
herbivory appears to have provided a competitive advantage for subsp. georgiensis to establish 
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and maintain such a large pure stand. Where it is found growing with other bottomland 
species, the overall large size (Table 1) and rapid growth (Table 2) of subsp. georgiensis make 
it very competitive with other tree species in Drummond Swamp. 
Subspecies maritima is less conspicuous in its natural landscape than are the other two 
subspecies. Although all three subspecies grow as individuals in full sunlight, and in small 
monotypic stands, pure stands of this type are found relatively infrequently on the Delmarva 
Peninsula. The smaller, more shrub-like growth habit of subsp. maritima (Table I) makes it 
less visually distinctive among other bottomland species, and it often is found as a member of 
the understory. The greater shade percentage and lower elevation above the water table 
recorded for subsp. maritima (Table 3), along with its relatively high health rating (Table 1), 
suggest that subsp. maritima has adapted to a slightly different niche than have the other two 
subspecies. Plants appear more shade tolerant and hydrophilic, qualities that make subsp. 
maritima well suited for the abundant, mature wetlands of the Delmarva Peninsula. 
The peculiar disjunct distribution of the species Alnus maritima is a wondrous 
curiosity that is yet to be sufficiently explained. There has been much speculation about its 
origin. Some believe the population on the Delmarva Peninsula to be the oldest, and that the 
populations in Georgia and Oklahoma were established from Delmarva germplasm by Native 
Americans (Stibolt 1981) or some natural form of long-distance dispersal. While it is 
conceivable that geographic isolation could have allowed the speciation of A. maritima on the 
Delmarva Peninsula, the evidence does not support this. The other extant members of subg. 
Clethropsis (Alnus nitida and Alnus nepalensis), the only other autumn-blooming Alnus 
species, are indigenous only to southern Asia. Also important are the fossil remains of an 
intermediate taxon (Alnus relatus [Knowlton] Brown) that have been unearthed in Washington, 
Oregon, and Idaho; and the recognition of A. maritima and Alnus japonica, a species 
indigenous to Japan and eastern China, as living equivalents of Alnus relatus based on leaf 
morphology (Brown 1937, Chaney 1959, Chaney and Axelrod 1959, Graham 1965, Schrader 
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and Graves 2000b). Even if we grant the premise that A. maritima originated on or around the 
Delmarva Peninsula, the possibility of natural long-range dispersal to Oklahoma and Georgia 
seems very unlikely. Experimental results and observations with widely disjunct distributions 
indicate that long-distance dispersal is seldom the proper conclusion unless the species has 
seeds with impermeable seed coats and the disjuncts are taxonomically indistinguishable 
(Fryxell 1967, Love 1967), a situation that is not true for A. maritima. Based on this evidence, 
Furlow's theory that ancestors of A. maritima migrated into North America via the Bering land 
bridge and spread across the United States before being forced into the present disjunct range 
(Furlow 1979) is much more plausible, and most new evidence supports this theory. It might 
be suggested that a species native only to warm areas of the United States (USDA hardiness 
zones 7a and 7b) could not have invaded North America via this extremely cold northern route. 
Yet, new data show that A. maritima from each subspecies can withstand mid-winter 
temperatures as low as -80°C (Schrader and Graves 2002), a level of hardiness similar to the 
most cold-resistant trees from subarctic regions (Vezina et al. 1997). 
The most important summary to date of the divergence between the three subspecies of 
Alnus maritima is found in the Euclidean distances calculated from our measurements of 
morphology and growth habit. The inferred phylogenetic tree produced by PHYLIP software 
(Fig. 5) supports Furlow's theory by estimating that the ancestral line to subsp. oklahomensis 
diverged first, followed by the divergence of the lines leading to the other two subspecies. 
Further evidence is the fact that the Euclidean distances between the subspecies (4.35 between 
OK and G A, 5.16 between OK and MA, and 2.95 between GA and MA) correspond well with 
the linear geographic distances between the three provenances ( 1100 km between OK and GA, 
1930 km between OK and MA, and 960 km between GA and MA). Although still not entirely 
conclusive, this new evidence supports Furlow's theory much better than it does the theory of 
long-distance dispersal. 
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To explain how Alnus maritima came to inhabit these three small, disjunct areas, we 
must consider more closely the ecology of this species. Starting with the more plausible 
theory that A. maritima once had a much more extensive distribution that has been gradually 
restricted (Furlow 1979), we can begin to use the evidence collected so far to explain the 
present-day distribution. Instead of asking why A. maritima inhabits only these three small 
provenances, we should ask why it continues to inhabit these areas. Species of Alnus have 
long been considered as pioneers in forest succession because they are fast-growing, nitrogen-
fixing, actinorhizal plants (Newton et al. 1968, Benson and Sylvester 1993). Alnus has played 
a vital role in succession and soil development in deglaciated regions, both in the past (Heusser 
and Shackelton 1979) and present (Ugolini 1968). Palynological evidence indicates that Alnus 
was the dominant tree genus in North America and Europe during the postglacial period of the 
Early Holocene (10,000 to 8000 years before the present) (Heusser and Shackelton 1979). On 
deglaciated sites, Alnus is normally the dominant tree genus from approximately year 20 to 
year 80 after glacial recession; then it is slowly replaced by larger, late-successional tree 
species (Newton et al. 1968, Ugolini 1968). By year 55 after glacial recession, the increasing 
nitrogen content in the forest floor reaches its peak, nitrogen fixation in Alnus roots is reduced 
due to the greater soil nitrogen concentrations, and soil conditions, improved greatly by the 
presence of Alnus, are now more suitable for other invading tree genera (Newton et al. 1968, 
Ugolini 1968). Finally, lack of shade tolerance causes Alnus to yield to the encroaching tree 
species once they exceed Alnus in height. 
Most Alnus species grow well only in full sunlight (Furlow 1979) and are shade-
intolerant (Franklin and Dymess 1973). Alnus maritima appears to be no exception. We 
determined the average percentage shade for this species in extant populations (all 120 OTUs) 
to be only 25.5%. Its lack of shade tolerance, natural loss of early-successional advantage 
from nitrogen fixation in most environments, and climatic changes that eliminated the most 
important advantages of A. maritima over other pioneer species may be the primary reasons 
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for the extreme reduction in its distribution. With derived characters, such as corky, wingless 
fruits mainly dispersed by water, semi-shrub growth habit, autumn flowering, and reduced 
inflorescences, Furlow (1979) considers A. maritima to be the most specialized of the New 
World Alnus species. It is conceivable that many of the specialized characteristics of A. 
maritima that make it the most hydrophilic of all American Alnus, may have given this species 
a strong advantage over other pioneer species under particularly wet conditions after glacial 
recession (Newton et al. 1968, Ugolini 1968). Later, the warmer, drier conditions of 
postglacial North America (Delcourt and Delcourt 1993) and the progression of late-
successional tree species may have gradually forced A. maritima into its present, meager 
distribution. 
Why does Alnus maritima continue to inhabit the three small provenances known at 
present? The reason that A. maritima has survived may be that each of the three subspecies 
has evolved subtle tactics to compensate for its inherent lack of shade tolerance. Although all 
three subspecies have individuals found growing in full sunlight, the possible key to the 
survival of each of the subspecies is the behavior of plants that are not growing in full sunlight. 
In Oklahoma, plants on the riverbanks extend far over the water to capture available light. In 
Georgia, the plants are taller (Table 1) and better able to compete with the smaller bottomland 
tree species of the area. On the Delmarva Peninsula, at least some genotypes seem to have 
developed a greater degree of shade tolerance and tend to behave more like understory shrubs. 
Such adaptations, along with beneficial peculiarities in the local environments of each 
provenance (islands in swift Oklahoma rivers, continuous cattle pastureland in Georgia, 
abundant wetlands of the Delmarva Peninsula, etc.), may have allowed these populations to 
survive. 
Although our numerical analyses of morphology and growth habit segregated and 
defined the subspecies, they also revealed diversity within each subspecies that may be 
unexpected in populations inhabiting such a limited geographical range. The variation within 
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subspecies is revealed by the standard deviations for the characters of mature plants in nature 
(Table 1) and by the clustering patterns of sub-populations (Fig. 4) and individual OTUs. The 
standard deviations were greatest for subsp. oklahomensis for most of the measures of tree 
size, but were the lowest for subsp. oklahomensis for many of the leaf and shape measures 
(Table I). Conversely, subspp. georgiensis and maritima are evidently more diverse in leaf 
and shape characteristics than is subsp. oklahomensis. Although not large enough to mask the 
morphological differences between subspecies, the magnitudes of the standard deviations 
shown in Table 1 suggest that enough genetic diversity may exist within the subspecies to 
allow them to adapt to subtle changes in environment. Barring habitat destruction by humans 
or encroachment by invasive species, it appears that even the small population of subsp. 
georgiensis may be genetically fit for long-term survival within its natural range. 
TAXONOMIC TREATMENT 
The present work represents the first comprehensive treatment of Alnus maritima at the 
infraspecific level. All known synonyms (legitimate and illegitimate) are included, along with 
the description of each taxon and Latin diagnosis for each new taxon. A key to the three 
subspecies and an illustration of diagnostic characters (Fig. 6) are also included. Specimens 
can be keyed to A. maritima by using the keys to North American Alnus provided in Furlow 
(1979) or Furlow (1997) and to subspecies by using the following key. In most cases, 
infraspecific identification will be greatly simplified by the extreme geographic separation 
between subspecies. 
Key to Subspecies of Alnus maritima 
A. Leaves ovate, elliptic, or narrowly elliptic, only rarely obovate, length:width ratio >2.1, apex 
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acute sometimes acuminate, never obtuse; strobili length: width ratio >1.5; large shrub 
or small tree with broad rounded crown, as wide as or slightly wider than it is tall; 
southern Oklahoma 2. A. maritima subsp. oklahomensis 
A. Leaves obovate to elliptic, length:width ratio <2.1, apex acute to obtuse, sometimes 
acuminate; strobili length.width ratio < 1.5; shrubs or trees taller than they are wide; 
eastern United States. 
B. Strobili ovoid to broadly ovoid, ellipsoid to broadly ellipsoid, never obovoid, >19 mm 
long at maturity, length:width ratio > 1.3; leaf length:width ratio < 1.8; medium to 
large shrub with a narrow to broad rounded crown, 3.5-6 (7.5) m in height; the 
Delmarva Peninsula I. A. maritima subsp. maritima 
B. Strobili ovoid to broadly ovoid, ellipsoid to broadly ellipsoid, or obovoid to broadly 
obovoid, < 19 mm long at maturity, length:width ratio < 1.3; leaf length:width ratio 
> 1.8; trunk diameter > 5.5 cm at one meter of height; large shrub or tree with a 
narrow crown, 5.5-8 (9.5) m in height, canopy shape one-and-one-half to two 
times taller than it is wide; northwestern Georgia 
3. A. maritima subsp. georgiensis 
ALNUS MARITIMA (Marsh.) Muhl. ex Nutt. 
Alnus maritima Muhl. ex Nutt., North American Sylva 1:50.1842. TYPE: 
Bartrum s.n., n.d., 477 in Herb. Muhlenberg (lectotype, PH, designated by Furlow, 
Annals Mo. Bot. Gard. 63:381.1976); Alnus maritima typica Regel, Bull. Soc. Nat. 
Mosc. 38:428.1865. 
Betula-alnus maritima Marshall, Arbustum Americanum p. 20. 1785; Alnus 
metoporina Furlow, Annals Mo. BOL Gard. 63: 381.1976. TYPE: U.S.A. Delaware: 
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Sussex County, 4 mi (6.44 km) S of Milford, on the W shore of Hudson's Pond, 14 
Sept. 1970, Furlow 205 (neotype, MSC!, designated by Furlow, Rhodora 81:217-223, 
Fig. 61, 1979). 
Large shrub or tree with a narrow to broad rounded crown, 3.5-8 (9.5) m in height; 
trunks usually several, erect, up to 9 (21) cm in diameter; bark brown when new, then turning 
light gray and becoming darker gray with age, smooth, becoming slightly rough with age; 
young stems light green becoming brown, with continuous solid pith, often with longitudinal 
ridges, slightly to moderately lustrous, slightly glaucous, sparsely to densely glandular, with 
sparse cylindrical trichomes; lenticels white, appearing after six months, 0.5-1 mm long, 1-2 
mm wide, becoming obscured on stems after fourth or fifth year; leaf scars 0.5-2 mm long, 2-5 
mm wide, bundle scars inconspicuous. Buds gray to reddish-brown, obovoid to elipsoid; stalk 
0.5-1.5 mm long, 0.5-1 mm in diameter; body (2) 2.5-5 (6) mm long, (1) 2-2.5 (3) mm in 
diameter, scales 2, valvate, often resinous. Roots mainly fibrous, root:shoot ratio of ca. 0.40-
0.52 for seedlings. Leaves simple, dark green to very dark green above, paler green below; 
ovate, elliptic or narrowly elliptic, or obovate; blade (5) 6.5-8.5 (10) cm long, (2.9) 3.3-4.7 (6.5) 
cm wide; surfaces glabrous, resinous, sparse cylindrical trichomes on primary and secondary 
veins; adaxial surface dull to lustrous, slightly to moderately glandular; abaxial surface dull, 
slightly to moderately glandular; venation pinnate, simple craspedodromous, with (6) 6-10 (11) 
secondary veins on each side of midrib; primary veins straight and moderate to stout (ca. 2.0-
2.5% of leaf width); secondary veins with uniform, moderately acute angle of divergence, 
moderately thick, uniformly curved, sometimes branching once, ending in teeth at the margin; 
tertiary veins with acute-right, sometimes right-right (exmedial-admedial) angle of origin, 
random reticulate anastomoses, simple and forked percurrent; quaternary veins orthogonal; 
apex acute to obtuse, sometimes acuminate; margin serrate with single ascending teeth, each 
enlarged at the tip into a single gland; base cuneate; petiole (10) 14-20.5 (24) mm long, (0.6) 
0.9-1.5 (2) mm in diameter, glabrous, moderately glandular. Staminate inflorescences 2-6 
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catkins in racemose clusters at ends of current year's twigs, produced in midsummer of current 
growing season; at anthesis (mid-August to mid-September of same season), yellow and 
pendent, 2-8 cm long, 5-7 mm in diameter, on peduncles 4-18 mm long 0.5-1 mm in diameter, 
deciduous. Pistillate inflorescences solitary in axils of the first to fourth leaves from apex, on 
twigs bearing staminate catkins, produced in midsummer of current growing season, at anthesis 
(mid-August to mid-September of same season), erect, ovate to elliptic, (2) 3-5 (6) mm long, 
(1) 1.5-3 (3.5) mm in diameter, on peduncles (3) 4-7 (8) mm long, 1-2 mm in diameter. 
Infructescences, ovoid to broadly ovoid, ellipsoid to broadly ellipsoid, or obovoid to broadly 
obovoid strobili (11.4) 16-21 (25) mm long, (9.2) 12.5-15 (18) mm in diameter, on peduncles 
5-10 mm long, 1-2 mm in diameter, maturing one year after pollination. Fruits light to dark 
brown, elliptic, 2-4 mm long, 2-3 mm wide, with wings narrow to absent and 2 persistent styles 
0.5-1 mm long. 
Large riparian shrub or tree, that grows from near sea level to about 300 m in elevation; 
in, or on the edge of, ponds, streams, or rivers; usually in full sunlight. Occurs naturally in 
south-central Oklahoma, northwestern Georgia, and Maryland and Delaware on the Delmarva 
Peninsula. 
1. ALNUS MARITIMA subsp. MARITIMA. 
Medium to large shrub with a narrow to broad rounded crown, 3.5-6 (7.5) m in height; 
trunks erect, up to 5.5 (8.3) cm in diameter. Buds gray to reddish-brown, obovoid to elipsoid; 
stalk 0.5-1.5 mm long, 0.5-1 mm in diameter, body (2) 3-5 (6) mm long, (1.5) 2-2.5 (3) mm in 
diameter; scales 2, valvate, often resinous. Roots mainly fibrous, rootrshoot ratio of ca. 0.42 
for seedlings. Leaves obovate to elliptic; blade (5) 6-8 J (9.5) cm long, (3) 3.5-5 (5.6) cm 
wide; abaxial surface dull, moderately glandular and uniform over surface; venation pinnate, 
simple craspedodromous, with (6) 6-9 (10) secondary veins on each side of midrib; primary 
veins straight and moderate to stout (ca. 2.2% of leaf width); apex acute to obtuse, sometimes 
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acuminate; petiole (10) 15-20 (23) mm long, (0.8) 1-1.5 (2) mm in diameter. Pistillate 
inflorescences ovate to elliptic, (2) 3-5 (6) mm long, (1.5) 2-3 (3.5) mm in diameter, on 
peduncles (3) 3.5-7 (8) mm long, 1-2 mm in diameter. Infructescences ovoid to broadly ovoid, 
or ellipsoid to broadly ellipsoid strobili (15.2) 18.5-22 (25) mm long, (12.8) 13.5-15.5 (16) 
mm in diameter, on peduncles 5-10 mm long, 1-2 mm in diameter, maturing one year after 
pollination. 
Large riparian shrub, that grows at or near sea level, in or on the edge of ponds or slow 
flowing rivers, some of which are slightly brackish and below the mean high-tide line; in full 
sunlight or among other bottomland trees and shrubs, where it behaves much like an 
understory plant. Facultative acidophyte growing in wet, acidic soils that are low in 
phosphorus and very low in potassium. This subspecies occurs naturally in four counties 
(Caroline, Dorchester, Wicomico, and Worcester) in Maryland and two counties (Kent and 
Sussex) in Delaware, on the Delmarva Peninsula. Compared to the other subspecies, subsp. 
maritima is smaller for every measure of overall plant size for both mature trees and seedlings, 
with a canopy shape that is normally taller than it is wide, but with a canopy surface area about 
half that of the other two subspecies; it is more shrub-like, with smaller trunks (2.5-5.5 cm in 
diameter) and more trunks per nf of canopy (ca. 1.75); leaves have a lower length:width ratio 
(ca. 1.76); strobili never appear obovoid, and have a length:width ratio (ca. 1.38) midway 
between that of the other two subspecies; seedlings have smaller stems and grow more slowly, 
accumulating dry weight more slowly than the other two subspecies; plants appear to be more 
hydrophylic, with about 60% of the plants growing with roots completely submerged in water. 
COMMON NAMES: Seaside alder, brook alder, Delmarva alder. 
REPRESENTATIVE SPECIMENS: U.S.A., MARYLAND. Worcester CO.: 2.5 miles (4.0 km) 
W of Snow Hill, Schrader (S.) 81 (OKL), 82 (GA), 83 (MARY), 84 (NCU). Wicomico Co.: 
E side of Salisbury, N side of Shumaker Pond, S. 85 (ISC), 86 (US), 87 (A). Dorchester Co.: 
0.5 miles (0.8 km) NW of Sharptown, NW side of Nanticoke River, 5. 90 (MU), 91 (NY), 92 
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(UC), 93 (WIS); 2.5 miles (4.0 km) E of Hurlock, E side of Marshyhope Creek, S. 94 
(OKLA), 95 (F), 96 (KANU), 97 (UARK). DELAWARE. Sussex Co.: S side of Bethel, on the 
S side of Broad Creek, 5. 88 (NA), 89 (MO); SW of Milford, N side of Abbott's Pond, 5. 98 
(MICH), 99 (DOV), 100 (CAS), 101 (BH); 5 miles (8.1 km) S of Milford, W end of 
Hudson's Pond, S. 102 (TEX), 103 (STAR), 104 (RSA), 105 (FLAS); Just S of Angola, SE 
side of Burton Pond, 5. 106 (OS), 107 (MSC), 108 (DUR), 109 (KSC), 110 (NLU); NW 
side of Millsboro, NE side of Belts Pond, S. Ill (MASS), 112 (UMO), 113 (USCH); 2 miles 
(3.2 km) W of Millsboro, E end of Ingram Pond, S. 114 (OSC), 115 (CM); E side of 
Concord, N side of Concord Pond, S. 116 (LTU), 117 (BRIT), 118 (OSH), 119 (TAMU), 120 
(K). 
2. Alnus maritima subsp. oklahomensis Schrader & Graves, subsp. nov. 
—TYPE: U.S.A., Oklahoma: Johnston County, 12.07 km NE of Tishomingo, on the 
W bank of Blue River, 23 Aug. 2000, J. Schrader 25 (holotype: ISC!, isotypes: A!, 
MO!, NA!, OKL!, US!). 
Alnus maritima subsp. metoporina (Furlow) E. Murray, Kalmia 13: 3. 1983. 
nom. illeg.—TYPE: U.S.A., Delaware: Sussex County, 4 mi. (6.44 km) S of Milford, 
on the W shore of Hudson's Pond, 14 Sept. 1970, Furlow 205 (MSC!) Type in 
conflict with Murray's intentions. 
Haec subspecies restricta ad Oklahoma meridionalem. Differt a ceteris subspeciebus 
forma lata fruticosa vel arborea, altitudine minori quam latitudine; foliis anguste ellipticis, 
ellipticis, vel ovatis, 2.1-2.6plo longioribus quam latis; et strobilis 1.5-1.75plo longioribus 
quam latis. 
Large shrub or small tree with a broad-rounded crown, 3.5-7 (9.5) m in height; trunks 
erect, up to 12 (21) cm in diameter. Buds gray to reddish-brown, obovoid to elipsoid; stalk 
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0.5-1.5 mm long, 0.5-1 mm in diameter, body (2) 2.5-4 (5) mm long, (1) 2-2.5 (3) mm in 
diameter, scales 2, valvate, often resinous. Roots mainly fibrous, rootrshoot ratio of ca. 0.52 
for seedlings. Leaves ovate, elliptic, or narrowly elliptic, only rarely obovate; blade (6.8) 7.5-9 
(10) cm long, (2.9) 3-4 (4.6) cm wide; abaxial surface dull, slightly glandular, more densely 
glandular on and near primary and secondary veins; venation pinnate, simple 
craspedodromous, with (6) 7-10 (11) secondary veins on each side of midrib; primary veins 
straight and stout (ca. 2.5% of leaf width); apex acute, sometimes acuminate; petiole ( 10) 13-21 
(23) mm long, (0.6) 0.75-1.5 (2) mm in diameter. Pistillate inflorescences ovate to elliptic, (2) 
3-4.5 (5) mm long, (1) 1.5-2.5 (3) mm in diameter, on peduncles (4) 5-7 (8) mm long, 1-2 mm 
in diameter. Infructescences ovoid, ellipsoid, or obovoid strobili (11.4) 16-22 (25) mm long, 
(9.2) 11-14 (16) mm in diameter, on peduncles 5-10 mm long, 1-2 mm in diameter, maturing 
one year after pollination. 
Riparian shrub or tree, found growing in full sunlight on islands within fast-flowing 
rivers and streams; or on the edge of waterways, under the edge of the forest canopy, with 
direct sunlight much of the day. Facultative basophyte / calciphyte, growing in wet, alkaline, 
sandy to rocky soils, low in nitrate, very low in phosphorus, low in potassium, high in calcium, 
and high in magnesium. This subspecies occurs naturally in only two counties (Johnston and 
Pontotoc) in south-central Oklahoma where it grows in and along rivers and streams of the 
Red River watershed. Subspecies oklahomensis is the most distinct of the three subspecies. 
Compared to the other subspecies, subsp. oklahomensis forms a broader crown, with a normal 
canopy shape that is slightly wider than it is tall, and fewer trunks per m2 of canopy (ca. 0.81); 
leaves are longer (ca. 8.62 cm) and narrower (ca. 3.63), with a greater length:width ratio (ca. 
2.3), and are more elliptic, often ovate; strobili are narrower, with a greater lengthrwidth ratio 
(ca. 1.56); seedlings are more densely foliated and have a greater rootrshoot ratio (ca. 0.52). 
COMMON NAMES: Seaside alder, Oklahoma alder. 
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REPRESENTATIVE SPECIMENS: U.S.A., OKLAHOMA. Johnston Co.: Just N of Connerville, 
small sandy island in Blue River, Schrader (S.) 1 (GA), 2 (MARY); 1.5 miles (2.42 km) N of 
Reagan, N bank of Pennington Creek, 5. 3 (DOV), 4 (NCU), 5 (MU); 6.0 miles (9.7 km) NW 
of Tishomingo, S bank of Pennington Creek, S. 6 (NY), 7 (UC), 8 (WIS), 9 (OKLA), 10 (F); 
6.5 miles ( 10.5 km) NW of Tishomingo, N bank of Reagan Branch Creek, S. 11 (KANU), 12 
(UARK); 4.0 miles (6.44 km) NW of Tishomingo, Pennington Creek at Slippery Falls, S. 13 
(MICH), 14 (CAS), 15 (BH); 1 mile (1.61 km) N of Tishomingo, W bank of Pennington 
Creek, 5. 16 (TEX), 17 (OKL), 18 (STAR); 1.3 miles (2.09 km) N of Tishomingo, W bank of 
Cedar Creek, 5. 19 (RSA), 20 (FLAS); 7.0 miles (11.26 km) NE of Tishomingo, SW side of 
Blue River, 5. 21 (OS), 22 (MSC); 7.0 miles (11.26 km) NE of Tishomingo, island in Blue 
River, S. 23 (DUR), 24 (KSC); 7.5 miles (12.07 km) NE of Tishomingo, W bank of Blue 
River next to cement bridge, 5. 25 (A, ISC, MO, NA, OKL, US), 26 (NLU), 27 (MASS); 7.5 
miles (12.07 km) NE of Tishomingo, E bank of Blue River just N of cement bridge, S. 28 
(UMO), 29 (USCH); 8.0 miles (12.87 km) NE of Tishomingo, W bank of Blue River, 5. 30 
(OSC), 31 (CM), 32 (LTU), 33 (BRIT); 9.5 miles (15.29 km) NE of Tishomingo, E bank of 
Blue River, S. 34 (OSH), 35 (TAMU); 10 miles (16.09 km) NE of Tishomingo, E bank of 
Blue River, 5. 36 (K), 37 (ISC); 10 miles (16.09 km) NE of Tishomingo, island toward the E 
side of Blue River, S. 38 (ISC), 39 (ISC); 1 mile (1.61 km) S of Pontotoc, N side of a spring 
fed tributary of Little Blue River, 5.40 (ISC). 
3. Alnus maritima subsp. georgiensis Schrader & Graves, subsp. nov. 
—TYPE: U.S.A., Georgia: Bartow County, 0.81 km SW of Euharlee, on the E end of 
Drummond Swamp, 30 Aug. 2000, /. Schrader 49 (holotype: ISC!, isotypes: A!, GA!, 
MO!, NA!, US!). 
Haec subspecies restricta ad Georgia boreo-occidentalem. Differt a ceteris 
subspeciebus forma alta angusta firuticosa vel arborea, altitudine l.5-2plo majori quam 
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latitudine; foliis obovatis vel ellipticis, 1.8-2. lplo longioribus quam latis; et strobilis brevioribus 
quam 19mm ubi maturis. 
Narrow-crowned large shrub or tree 5.5-8 (9.5) m in height; trunks erect, up to 9 (13) 
cm in diameter. Buds gray to reddish-brown, obovoid to elipsoid; stalk 0.5-1.5 mm long, 0.5-1 
mm in diameter; body (2) 3-4.5 (5) mm long, (1.5) 2-2.5 (3) mm in diameter, scales 2, valvate, 
often resinous. Roots mainly fibrous, rootishoot ratio of ca. 0.41 for seedlings. Leaves 
obovate to elliptic; blade (5.7) 6.5-8.5 (10) cm long, (3) 3.5-5 (6.5) cm wide; abaxial surface 
dull, moderately glandular and uniform over surface; venation pinnate, simple 
craspedodromous, with (6) 7-9 (10) secondary veins on each side of midrib; primary veins 
straight and moderate to stout (ca. 2.0% of leaf width); petiole (10) 14-21 (24) mm long, (0.8) 
1-1.5 (2) mm in diameter. Pistillate inflorescences ovate to elliptic, (2) 3-4.5 (5.5) mm long, 
(1.5) 2-3 (3.5) mm in diameter, on peduncles (3) 4-6.5 (8) mm long, 1-2 mm in diameter. 
Infructescences ovoid to broadly ovoid, ellipsoid to broadly ellipsoid, or obovoid to broadly 
obovoid strobili (14) 14.5-19 (24) mm long, (11.4) 12.5-15.5 (18) mm in diameter, on 
peduncles 5-10 mm long, 1-2 mm in diameter, maturing one year after pollination. 
Riparian large shrub or tree, that grows in full sunlight, in open water and on bog mats 
in the middle of a swamp, and on pasturelands adjacent to the swamp; or among other 
bottomland trees as a competitive member of the forest canopy. Facultative acidophyte 
growing in wet, acidic soils that are low in phosphorus and very low in potassium. This 
subspecies occurs naturally in one county (Bartow) in northwestern Georgia, where it grows in 
and around one 50-hectare swamp (Drummond Swamp). Compared to the other subspecies, 
subsp. georgiensis grows taller and has a narrower crown, with a canopy shape that is often 
one-and-one-half to two times taller than it is wide; leaves are thicker and have a length:width 
ratio (ca. 1.86) midway between those of the other two subspecies; strobili are shorter (ca. 17.3 
mm), with a lower length: width ratio (ca. 1.24); seedlings are taller, are sparsely foliated, and 
have leaves of greater specific weight 
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COMMON NAMES: Seaside alder, Georgia alder. 
REPRESENTATIVE SPECIMENS: U.S.A., GEORGIA, Bartow Co.: 0.5 miles (0.81 km) SW 
of Euharlee, S side of creek that drains Drummond Swamp, at the E end of the swamp, 
Schrader (S.) 41 (OKL), 42 (MARY), 43 (DOV), 44 (NCU), 45 (MU), 46 (NY), 47 (UC), 48 
(WIS), 49 (A. GA, ISC, MO, NA, US), 50 (OKLA), 51 (F), 52 (KANU), 53 (UARK); 0.5 
miles (0.81 km) SW of Euharlee, SE end of Drummond Swamp, S. 54 (MICH), 55 (CAS); 
0.5 miles (0.81 km) SW of Euharlee, NW end of Drummond Swamp, 20 m E of Bill Nelson 
Rd., 5. 56 (BH), 57 (TEX), 58 (GA), 59 (STAR), 60 (RSA); 0.5 miles (0.81 km) SW of 
Euharlee, NW end of Drummond Swamp, 30 m E of Bill Nelson Rd., 5. 61 (FLAS), 62 (OS), 
63 (MSC), 64 (DUR), 65 (KSC); 0.5 miles (0.81 km) SW of Euharlee, NW end of 
Drummond Swamp, 35 m E of Bill Nelson Rd., S. 66 (NLU), 67 (MASS), 68 (UMO), 69 
(USCH), 70 (OSC); 0.5 miles (0.81 km) SW of Euharlee, NW end of Drummond Swamp, 40 
m E of BiU Nelson Rd., 5. 71 (CM), 72 (LTU), 73 (BRIT), 74 (OSH), 75 (TAMU); 0.5 miles 
(0.81 km) SW of Euharlee, NW end of Drummond Swamp, 50 m E of Bill Nelson Rd., 5. 76 
(K), 77 (ISC), 78 (ISC), 79 (ISC), 80 (ISC). 
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Table 1. Comparisons of morphology and growth habit of Alnus maritima subspp. oklahomensis, georgiensis, and maritima. 
Values represent the mean and standard deviation of observations from 40 trees from each subspecies. Subspecies means 
within each row followed by the same letter are not different at P < 0.05 according to Fisher's least significant difference test. 
See Materials and Methods section for detailed explanation of character measures 
Character oklahomensis georgiensis maritima 
Tree 
Height (m) 5.39 b 1.68 6.80 a 1.17 4.95 b 1.23 
Canopy Diameter (m) 5.80 a 1.87 4.97 b 1.29 3.99 c 0.93 
Horizontal Canopy Area (m2) 28.5 a 17.6 20.5 b 11.4 13.0 c 5.72 
Canopy Surface Area (m2) 106.6a 62.0 112.1 a 36.8 65.6 b 27.5 
Shape (Height |m| / Dia, (mj) 0.97 c 0.26 1.42 a 0.30 1.27 b 0.28 
runk 
Number 19a 11.5 21 a 10.1 21 a 11.6 
Per m2 of Canopy 0.81 c 0.47 1.24 b 0.72 1.75 a 0.90 
Diameter (cm) 7.4 a 4.33 6.9a 2.10 4.6 b 1.93 
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Table 1. (continued) 
Leaf 
Length (cm) 
Width (cm) 
Length:Width Ratio 
# of Veins 
Veins per cm 
Disl. to Widest Axis (mm) 
Shape (disl, to widesi/lengih) 
Apex Angle(°) 
Thickness (mm) 
Strobili 
Length (mm) 
Width (mm) 
Lengtlr.Width Ratio 
Disl. to Widest Axis (mm) 
Shape (Disl. to Widesl/Length) 
Relative Health Rating (1-10) 
8.26 a 0.83 
3.63 b 0.45 
2.30 a 0.25 
8.25 a 0.61 
1.02 a 0.12 
4.08 a 0.43 
0.50 b 0.02 
66.3 b 9.99 
0.252 b 0.03 
19.2 a 3.03 
12.4 b 1.64 
1.56 a 0.19 
9.22 a 1.30 
0.48 a 0.05 
7.84 a 1.33 
7.41 b 1.09 
4.04 a 0.70 
1.86 b 0.18 
7.58 b 0.53 
1.05 a 0.16 
4.06 a 0.70 
0.55 a 0.03 
88.9 a 16.0 
0.272 a 0.04 
17.3 b 2.55 
14.0 a 1.32 
1.24 c 0.10 
8.82 a 1.85 
0.51 a 0.05 
6.88 b 1.47 
7.20 b 1.10 
4.13 a 0.69 
1.76 c 0.18 
7.35 b 0.69 
1.06 a 0.17 
4.00 a 0.66 
0.56 a 0.03 
94.4 a 13.5 
0.249 b 0.04 
19.8 a 2.24 
14.4 a 0.89 
1.38 b 0.10 
8.32 b 1.30 
0.42 b 0.06 
7.55 a 1.74 
68 
Table 2. Comparisons among seedlings of Alnus maritima subspp. oklahomensis, 
georgiensis, and maritima after 18 weeks of growth in a greenhouse. Values represent the 
mean of observations from 60 (oklahomensis and maritima) and 42 (georgiensis) seedlings. 
Variables describing developmental rates represent the period between 12 and 18 weeks. 
Subspecies means within each row followed by the same letter are not significantly different 
at P < 0.05 according to Fisher's least significant difference test. See Materials and Methods 
section for detailed explanation of character measures. Table adapted from Schrader and 
Graves (2000a) 
Seedling subspecies 
Character oklahomensis georgiensis maritima 
Stem 
Thickness (mm) 7.4 a 6.9 b 6.5 c 
Curvature Rating (0-10) 3.2 b 8.1 a 7.0 a 
Deviation from Vertical (°) 5.5 b 11.2 a 13.0 a 
Leaf 
Length (cm) 12.8 a 12.0 b 11.6 b 
Width (cm) 6.0 b 6.8 a 6.2 b 
Length: Width Ratio 2.15 a 1.76 b 1.86b 
Bullate Rating (0-10) 3.2 b 8.6 a 8.7a 
Surface Area per Plant (cm2) 947 a 732 b 667 b 
Area Ratio (cm2«g"1) 119 a 105 b 116 a 
Dry Weight per Plant (eg) 339 a 322 a 252 b 
Specific Weight (mg-cm"2) 3.57 b 4.39 a 3.69 b 
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Table 2. (continued) 
Shoot 
Shoot Height (cm) 50.3 b 59.4 a 46.7 b 
Intemode Length (cm) 3.28 b 3.62 a 3.33 ab 
Leaves and Axillary Shoots 36 a 27 b 28 b 
Leaves and Shoots per cm 0.72 a 0.46 b 0.64 a 
Developmental rate 
Simple Growth (mg-d"1) 181 a 160 a 130 b 
Relative Growth (mg*g''*d"1) 51.2 a 45.6 b 48.5 ab 
Net assimilation (mg*cm":»wk l) 3.02 a 3.04 a 2.94 a 
Dry weight 
Root (eg) 292 a 229 b 185 c 
Shoot (cg) 568 a 561 a 442 b 
Total Plant (cg) 860 a 789 a 628 b 
Root: Shoot Ratio 0.52 a 0.41b 0.42 b 
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Table 3. Soil and climatic characteristics of the three provenances of Alnus maritima. 
Provenance means within each row followed by the same letter are not significantly different at 
P < 0.05 according to Fisher's least significant difference test. Soil nutrient data reflect plant-
available concentrations. See Materials and Methods section for detailed explanation of 
measurements and replications 
Provenance 
Variable Oklahoma Georgia Delmarva 
Soil Conditions 
Nitrate (ppm)1 7.73 b 
Phosphorus (ppm) 3.28 c 
Potassium (ppm) 61.4 a 
Calcium (ppm) 3460.1a 
Magnesium (ppm) 423.1 a 
Organic Matter (%) 5.82 a 
pH 8.10 a 
Water Table (cm) 59.1 b 
Climatic Conditions 
Shade (%) 29.0 a 
Annual Precipitation (cm) 85.1 b 
Annual Mean Min.2 Temp. (°C) 10.5 a 
Mid-winter Min. Temp. (°C) -2.96 a 
Annual Mean Max/ Temp. (°C) 22.7 a 
Mid-summer Max. Temp. (°C) 35.3 a 
36.63 a 
6.63 b 
26.7 b 
1378.5 b 
198.8 b 
5.76 a 
5.96 b 
88.5 a 
13.4 b 
135.9 a 
8.5 b 
-3.22 a 
21.7 b 
32.0 b 
14.03 b 
8.53 a 
28.3 b 
1116.5 c 
83.7 c 
3.60 b 
5.96 b 
21.6 c 
34.1a 
106.4 b 
6.7 c 
-6.12 b 
18.9 c 
31.6b 
Parts per million 
"Minimum 
3Maximum 
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Table 4. Covariance relationships between the morphology / growth-habit characteristics of 
subspecies and local environmental conditions 
Character Relationship Increasing Significance 
Variable 
Tree 
Height increased with Water Table P< 0.0001 
Canopy Diameter decreased with Soil Phosphorus P = 0.030 
increased with Soil Potassium P = 0.009 
increased with Water Table P = 0.017 
decreased with Percentage Shade P = 0.021 
Canopy Surface Area increased with Soil Potassium P = 0.015 
increased with Soil Calcium P = 0.024 
increased with Water Table P = 0.001 
decreased with Percentage Shade P = 0.025 
Shape increased with Water Table P = 0.015 
Trunk 
Number 
Per m2 of Canopy 
Diameter 
decreased with 
decreased with 
decreased with 
decreased with 
decreased with 
increased with 
Percentage Shade P < 0.0001 
Soil Potassium 
Water Table 
Percentage Shade 
Soil Phosphorus 
Water Table 
P = 0.006 
P = 0.025 
P = 0.042 
P = 0.014 
P = 0.0002 
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Table 4. (continued) 
Leaf 
LengthrWidth Ratio 
# of Veins 
Veins per cm 
Shape 
Apex Angle 
Strobilus 
Length: Width Ratio 
Distance to Widest Axis 
Shape 
increased with 
increased with 
increased with 
increased with 
increased with 
decreased with 
increased with 
decreased with 
Soil Calcium 
Soil Magnesium 
Water Table 
Water Table 
Soil Potassium 
Water Table 
Soil Nitrate 
Water Table 
P = 0.004 
P = 0.006 
P = 0.029 
P = 0.022 
P = 0.041 
P = 0.004 
P = 0.041 
P = 0.002 
increased with 
increased with 
increased with 
Soil Calcium 
Soil Nitrate 
Soil Organic Matter 
P = 0.028 
P < 0.0001 
P = 0.024 
increased with Soil Nitrate P = 0.007 
Relative Health Rating increased with Soil Potassium 
increased with Soil pH 
P = 0.015 
P = 0.013 
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Figure 1. Location of the three disjunct populations (subspecies) of Alnus maritima 
found in south-central Oklahoma, northwestern Georgia, and on the Delmarva Peninsula 
(eastern Maryland and southern Delaware). Distances between these natural populations are 
1100 km for the Oklahoma and Georgia populations, 1930 km for the Oklahoma and 
Delmarva populations, and 960 km between the populations in Georgia and on the Delmarva 
Peninsula. 
Figure 2. Native ranges of the three subspecies of Alnus maritima. Known 
distributions are shown surrounded by dark, heavy lines (—^—). Locations of OTUs for 
this study are shown by symbols (•). A. Distribution of Alnus maritima subsp. 
oklahomensis in Johnston and Pontotoc Counties of Oklahoma. B. Distribution of Alnus 
maritima subsp. maritima found in Maryland and Delaware on the Delmarva Peninsula. 
The dashed line ( •) divides the Chesapeake Bay watershed from the Delaware Bay 
watershed (SW Delmarva sub population from NE Delmarva sub-population). 
C. Distribution of Alnus maritima subsp. georgiensis found in Drummond Swamp, Bartow 
County, Georgia. 

oklahomensis 
' georgiensis 
maritima 
B oklahomensis 
georgiensis 
maritima 
I I I I I 
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Figure. 3. UPGMA clustering of the three subspecies of Alnus maritima based on 22 
characters of morphology and growth habit of mature trees found in nature (A) and based on 
22 characters of morphology, growth habit, and developmental rate of 18-week-old 
seedlings (B). The scale represents the taxonomic distance measured along the horizontal 
lines. 
77 
————— Pennington Creek 
I———Blue River 
— Drummond West 
————— Drummond East 
r————— SW Delmarva 
NE Delmarva 
i i • • • • * • * • • 
10 8 6 4 2 0 
Figure 4. UPGMA clustering of sub-populations of Alnus maritima based on 22 
characters of morphology and growth habit of mature trees found in nature. The scale 
represents the taxonomic distance measured along the horizontal lines. Pennington Creek 
and Blue River are sub-populations of subsp. oklahomensis, Drummond West and 
Drummond East are sub-populations of subsp. georgiensis, and the two main sub-
populations of subsp. maritima are SW Delmarva and NE Delmarva. See text for details. 
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maritima 
1.88 
georgiensis 1.50 1.07 
1.78 
oklahomensis 
Alnus japonica 
18.36 
Figure 5. Inferred phylogenetic relationship between the three subspecies of Alnus 
maritima based on 23 characters of morphology and growth habit of mature plants. Alnus 
japonica, an Asian species from the primitive subg. Alnus (Furlow 1979), was designated as 
the outgroup. Numbers indicate the branch lengths from a point of divergence to the 
position of an extant taxon or the distance between successive points of divergence (A to B). 
The number next to Alnus japonica represents the distance from A. japonica to "A," the first 
point of divergence. The total Euclidean distances between subspecies were 4.35 for 
oklhomensis to georgiensis, 5.16 for oklhomensis to maritima, and 2.95 for georgiensis to 
maritima. 
Figure. 6. Diagnostic characters of the three subspecies of Alnus maritima: subsp. 
oklahomensis (left), subsp. georgiensis (middle), and subsp. maritima (right). A. mature 
leaves (actual size). B. mature infructescences (actual size). C. growth habits (size and 
shape) of mature trees (note scale bar). 
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CHAPTER 4. Molecular systematica of Alnus maritima (Betulaceae) 
resolved by ISSR polymorphisms and GeneScan® technology 
A paper to be submitted to Rhodora 
James A. Schrader and William R. Graves 
ABSTRACT 
Alnus maritima is a rare woody plant species that exists as three subspecies found in 
widely disjunct locations in the United States. Although there is a growing interest in the 
phytogeography, ecology, conservation, and landscape potential of this species, the phylogeny 
of A. maritima has not yet been resolved by using molecular methods. We have combined a 
relatively new method of genome fingerprinting, ISSR-PCR, and the automated imaging 
capabilities of GeneScan® technology to determine the molecular systematics of A. maritima at 
the subgeneric, specific, and infraspecific levels. Based on polymorphisms in 248 ISSR loci, 
we reveal the inferred phylogenetic relationship among eight species from the genus Alnus, 
confirm that A. maritima is most closely related to the other two members of subg. 
Clethropsis, and show that within its subgenus, A. maritima was the first to diverge. At the 
infraspecific level, the molecular phylogeny from ISSRs agreed in topology with a phylogeny 
produced from morphological data and showed that subsp. oklahomensis is the most distinct 
of the three subspecies and was the first to diverge. The simultaneous analysis of molecular 
and morphological data provides a detailed and accurate phylogeny reconstruction for the three 
subspecies of A. maritima. Our study supports the theory that A. maritima originated in Asia, 
migrated into North America across the Bering land bridge, and was established over a large 
range in the New World before being forced into its present meager distribution, where its 
three isolated, disjunct populations have diverged into three distinct subspecies. 
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Key Words: Alnus subg. Clethropsis, Alnus maritima subspp. maritima, oklahomensis, and 
georgiensis, molecular phylogeny, cladistics, inter-simple sequence repeats, 
fluorescent primers, simultaneous analysis, ABI PRISM™, GeneScan® 
INTRODUCTION 
Alnus maritima (Marsh.) Muhl. ex Nutt. is a rare species of Alnus P. Mill from the 
subgenus Clethropsis (Spach) Regel. While the other members of Clethropsis, Alnus 
nepalensis D. Don and Alnus nitida (Spach) Endl., are sympatric and occur in southern Asia, 
A. maritima is found only in the United States and has a peculiar distribution consisting of 
three disjunct subspecies separated by > 960 km (Figure I). Alnus maritima subsp. 
oklahomensis Schrader & Graves occurs naturally in only two counties in south-central 
Oklahoma, A. maritima subsp. georgiensis Schrader & Graves is isolated to one county in 
northwestern Georgia, and A. maritima subsp. maritima is found only on the Delmarva 
Peninsula in four counties in Maryland and two counties in Delaware (Schrader and Graves 
2002a). 
There are two popular models explaining the phylogeny and phytogeography of A. 
maritima. Some believe that A. maritima evolved on the Delmarva Peninsula, and that the 
subspecies in Georgia and Oklahoma were established from Delmarva germplasm by Native 
Americans or by some natural form of long-distance dispersal (Schrader and Graves 2002a; 
Stibolt 1981). Others believe the theory proposed by Furlow (1979), that subg. Clethropsis 
evolved in southern Asia, that A. maritima diverged from other members of subg. Clethropsis 
in Asia, and that ancestors of A. maritima migrated into North America via the Bering land 
bridge and spread across North America before being forced into the present, disjunct range 
(Figure 1) (Furlow 1979; Schrader and Graves 2000b; Schrader and Graves 2002a). Some 
circumstantial evidence supports the possibility of long-distance dispersal of A. maritima by 
Native Americans (Stibolt 1981), but most of the evidence, including that from paleobotany, 
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ecology, phylogenetic analyses of morphological characters, and the comparative stress 
physiology of A. maritima and Clethropsis, supports the second model (Furlow 1979; 
Schrader and Graves 2000a; Schrader and Graves 2000b, Schrader and Graves 2002a; 
Schrader and Graves 2002b; Stibolt 1981). Molecular evidence will be essential for the 
completion of the systematics of A. maritima and Clethropsis, but no studies have been 
published that utilize molecular approaches to resolve the infrageneric systematics of Alnus. 
One of our goals for this study was to determine the molecular phylogenetic 
relationships between the three species of subg. Clethropsis and between the three subspecies 
of A. maritima. We also sought to measure the divergence and diversity among the three 
subspecies of A. maritima, to investigate the origin of the remarkable distribution of A. 
maritima by using the techniques of molecular systematics, and to provide preliminary 
molecular data concerning the systematics of Alnus species worldwide. To accomplish these 
goals we have used the genome fingerprinting methods of ISSR-PCR (inter-simple sequence 
repeats - polymerase chain reaction) (Zietkiewicz et al. 1994), the automated imaging 
capabilities of GeneScan® technology, and the phylogeny reconstruction tools of the PHYLIP 
software package (Felsenstein 1995). At the infraspecific level we also examined the 
morphometric phylogeny, assessed "cross matrix disparity" (Bateman 1999), and performed a 
"simultaneous analysis" (Nixon and Carpenter 1996) of morphological and molecular data, 
producing an infraspecific phylogeny for A. maritima that is derived from all the available 
evidence. 
MATERIALS AND METHODS 
ISSR-PCR techniques (Zietkiewicz et al. 1994) and ABI PRISM™ GeneScan® 
(Perkin Elmer Applied Biosystems, Foster City, California) technology were used to 
fingerprint and compare the genomes of eight species and three subspecies of Alnus. DNA 
samples were extracted with CTAB (Doyle and Doyle 1987) from the roots of greenhouse-
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grown seedlings or rooted stem cuttings of Alnus glutinosa (L.) Gaertn., Alnus hirsuta (Spach) 
Turcz. ex Rupr., Alnus incana (L.) Moench subsp. tenuifolia (Nutt.) Breitung (appears as A. 
incana in the remaining text), Alnus japonica (Thunb.) Steud., Alnus serrulata (Ait.) Willd., A. 
nepalensis, A. nitida, and A. tnaritima, including its three subspecies, subspp. oklahomensis, 
georgiensis, and maritima. Although our main focus was the systematics of A. maritima and 
Clethropsis, the inclusion of the five additional species of Alnus, all from subg. Alnus, provided 
stability and proportion to our reconstructed phytogenies of A. maritima and Clethropsis. It 
also yielded a broad molecular phylogeny that could be compared with the systematics of 
Furlow (1979) and Murai (1964), treatments that were derived from chemosystematic and 
morphological evidence. A total of 31 DNA samples were analyzed, one each for A. glutinosa, 
A. hirsuta, A. incana, and A. japonica-, three each for A. serrulata and A. nepalensis; two for A. 
nitida; and 19 for A. maritima, which included three for subsp. oklahomensis, 10 for subsp. 
georgiensis, and six for subsp. maritima (Table 1). After completion of the basic CTAB 
extraction, all DNA samples were purified further with GENECLEAN® (Qbiogene, Inc., 
Carlsbad, California). 
DNA samples were amplified for three replications with each of three fluorescent 3'-
anchored ISSR primers [(CA)6RG, (AC)gG, and (AG)8YT], which were synthesized at the 
DNA Sequencing and Synthesis Facility at Iowa State University. These primer sequences 
were chosen based on their successful use with other woody plant species (Fang et al. 1997; 
Fang et al. 1998; Moreno et al. 1998; Tsumara et al. 1996). Optimization reactions evaluating 
the range of conditions employed by recent authors were run to determine proper reaction 
conditions and reagent concentrations for consistent PCR amplification. Thermocycler 
conditions for ISSR-PCR were 94 °C for 5 min (initial denaturing), 94 °C for 30 s 
(denaturing), primer-specific temperatures (see below) for 45 s (annealing), and 72 °C for 2 
min (extension), for 30 cycles with the final extension at 72 °C for 5 min. Annealing 
temperatures for the three primers were 47 °C for (CA)6RG, 50 °C for (AQgG, and 54 °C for 
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(AG)gYT. In our 25-pl reaction mixes, we used 30 ng of template DNA, 1.2 pM of primer, 
300 |iM dNTP mix (SIGMA, St. Louis, Missouri), lx reaction buffer containing Mg(OAc),, 
and 1.5 units of KlenTaq LA DNA polymerase (SIGMA). 
Amplification products were processed at the DNA Sequencing and Synthesis Facility 
at Iowa State University. Applied Biosystems (ABI) 377 automated DNA sequencing systems 
separated the DNA by electrophoresis and collected the gel image (Figure 2). Image data were 
analyzed by using the facility's ABI PRISM™ GeneScan® software that accurately resolves 
DNA fragment length differences as small as one base pair. ISSR bands (loci) were scored as 
"1" for band presence and "0" for band absence. Only bands that appeared in at least two of 
the three replications were considered present. A locus was any fragment length that was 
present in at least one sample for a given taxonomic level. The resulting two-state (1 *0) data 
matrices for the three primers were combined to form a cumulative data set for assessing 
molecular phylogeny. 
Cladistics analyses were performed by using PHYLIP (Phylogeny Inference Package, 
Felsenstein 1995). The Seqboot program was used for bootstrap (Felsenstein 1985) and 
jacknife (Farris et al. 1996) analyses, the Mix program for Wagner parsimony analysis, the 
Consense program for consensus trees, the Neighbor program for neighbor-joining 
cladograms, and the Drawgram and Drawtree programs aided in producing the finished 
cladograms (Felsenstein 1995). Genetic distances for neighbor-joining analyses were 
Euclidean distances (Sneath and Sokal 1973). At the infraspecific level we compared and 
contrasted our morphometric and molecular phytogenies, a procedure termed "cross matrix 
disparity" by Bateman (1999), then merged the two data sets for a "simultaneous analysis" 
(Nixon and Carpenter 1996). Morphological data were standardized, unweighted, and derived 
from the measurements of Schrader and Graves (2002a). Alnus japonica was chosen as the 
outgroup for all cladistic analyses because it was considered by Furlow ( 1979) to be 
monophyletic and the most primitive of the eight species we sampled, and because preliminary 
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cluster analyses performed by using JMP® software (SAS Institute Inc., Cary, NC) confirmed 
its disparate molecular character. 
RESULTS 
ISSR-PCR produced ample molecular markers for assessing the variability and 
phylogenetic relationships between the subgenera, species, and subspecies sampled. Using 
three primers, our amplifications produced 248 bands (loci) across the eight species of Alnus, 
along with abundant markers applicable at the subgeneric and subspecific taxonomic levels 
(Table 2). Polymorphisms and taxon-specific bands were clearly resolved and quantified with 
the GeneScan® software (Figure 2). The greatest number of loci and greatest overall 
percentage of polymorphic loci were revealed at the species level (Table 2), at which more taxa 
(eight) were represented compared to the number of taxa at the subgenus (two) and subspecies 
(three) levels. The greater degree of divergence expected at the subgenus level is clearly 
revealed by the large percentage of polymorphic loci (73% overall) that resulted with only two 
taxa being analyzed (Table 2). The resolving power of ISSR-PCR and the three chosen 
primers is illustrated by the plentiful taxon-specific markers produced at all three taxonomic 
levels (Table 3). 
At the species level, Wagner parsimony, majority-rule consensus, and neighbor-joining 
analyses all produced the same tree topology, which placed each species within the clade of its 
subgenus (Figures 3 and 4). An exhaustive search produced a single most parsimonious tree 
with acceptable bootstrap and jacknife percentages for each of the clades (Figure 3). The clade 
of most interest for our study, the one for subgenus Clethropsis, was strongly supported by 
bootstrap and jacknife values, while the clade consisting of species from subgenus Alnus was 
weakly supported. Within subgenus Clethropsis there was very strong support for a clade 
consisting of A. nitida and A. nepalensis, with A. maritima shown to be the sister group. 
Although not as strongly supported, two sister clades were resolved within subgenus Alnus, 
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one containing A. serrulata and A. incana, both native to North America, and the other 
containing A. glutinosa and A. hirsuta, both indigenous only to Eurasia. Using the neighbor-
joining method we reconstructed the phylogeny of the eight species of Alnus, producing a 
cladogram with proportional branch lengths (Figure 4). 
At the infraspecific level, the molecular and morphometry phylogenetic analyses of A. 
maritima, produced trees with the same topology (Figure 5 I and 5 II). Both phytogenies 
show subsp. oklahomensis diverging first, followed by the divergence of the two subspecies 
from the eastern United States, subspp. georgiensis and maritima. With the molecular 
phytogeny (Figure 5 I), bootstrap and jacknife frequencies support this topology, but the 
distance between the two points of divergence (A and B) is much smaller according to 
molecular data than it is with the morphological data (Figure 5II), and the two eastern 
subspecies, subspp. georgiensis and maritima, appear more closely related phenotypically 
(Figure 5 II) than they do genotypically (Figure 5 I). Simultaneous analysis of the combined 
molecular and morphological data (Figure 6) gave the same topology and provided reasonable 
adjustments in branch lengths, balancing the phenotypic and genotypic information concerning 
the subspecies. 
Looking more broadly at the molecular data, differences in the Euclidean distances 
found at the specific and infraspecific levels for subg. Clethropsis are proportional to the 
assigned positions of these taxa within the taxonomic hierarchy (Table 4), demonstrating that 
they have been properly classified. 
DISCUSSION 
The systematics of Alnus is somewhat fragmented mainly because the most recent and 
accurate treatment of the genus is limited to those species found in the New World (Furlow 
1979). Although the treatment by Murai (1964) considered Alnus worldwide, it lacked detail 
concerning taxa outside of Asia, a problem improved substantially by Furtow's monograph 
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(Furlow 1979). By considering the two works together, it is possible to gain a good 
understanding of the systematics of Alnus worldwide, and by including the infraspecific 
treatment of A. maritima by Schrader and Graves (2002a), the morphological systematics of 
Clethropsis is clearly defined. Although we limited our investigation to eight species and three 
subspecies, the molecular phytogenies we produced (Figures 3,4, and 5 I) support the 
classifications and morphological systematics of these taxa proposed earlier in the combined 
works of Furlow (1979), Murai (1964), and Schrader and Graves (2002a). At the subgeneric 
and specific levels, the topology of the cladograms (Figures 3,4) were exactly as would be 
predicted based on the earlier morphological works. Somewhat unexpected was the 
proportionately long branch lengths shown for each of the species since their last points of 
divergence compared to the short branch lengths between clades (Figure 4). This phenomenon 
indicates appreciable differentiation of each of the species since their divergence, and it may 
indicate a rapid radiation of Alnus, probably coinciding with a period before the invasion of 
Europe and North America by Alnus during the postglacial period of the Early Holocene 
(10,000 to 8,000 yrs before the present) (Heusser and Shackelton 1979). 
At the infraspecific level, the parallel topology of the morphometric and molecular 
phytogenies of the three subspecies of A. maritima (Figure 5 I and 5 II) provides strong 
evidence supporting the classification and systematics of these taxa described by Schrader and 
Graves (2002a). The simultaneous analysis of the combined molecular and morphological 
data (Figure 6) again provides the same topology, but adjustments of branch lengths by using 
all the available data provides a better estimation of the true phytogeny (Nixon and Carpenter 
1996). The comparison between the Euclidean distances revealed at the specific and 
infraspecific levels (Table 4) also verifies the proper classification of the three subspecies of A. 
maritima by Schrader and Graves (2002a). Along with demonstrating that subsp. 
oklahomensis was the first of the subspecies to diverge, another feature clearly evident in all 
three of the cladograms is the shorter branch length for the line leading to subsp. georgiensis, 
89 
indicating a lesser degree of differentiation for subsp. georgiensis after divergence than seen 
for the other two subspecies. Another indication that subsp. georgiensis has undergone less 
differentiation than the other two subspecies is shown by its lower number of subspecies-
specific markers (two compared to four each for subspp. oklahomensis and maritima) shown 
in the ISSR analysis (Table 3). 
The evidence provided by our molecular phylogeny of subg. Clethropsis (Figures 3,4 
and 5 I) provides new insight regarding the origin of A. maritima and its peculiar disjunct 
distribution. Results from our molecular analysis support the model first proposed by Furlow 
(1979) (Figure I). The relatively short branch lengths between clades in the neighbor-joining 
cladogram (Figure 4) enforce the notion that all the species we examined diverged while still on 
the continent of Asia. Of the three species from subg. Clethropsis, A. maritima was the first to 
diverge (Figures 3 and 4), and although definitely a member of subg. Clethropsis (Figure 3), it 
differs enough genotypically from the other two species, which are the most closely related of 
the eight species examined (Table 4; Figure 4), that early divergence and long-distance 
migration into novel environments provides the most fitting account of all the evidence. 
Further evidence exists that subg. Clethropsis emerged in or near the tropics of 
southern Asia (Figure 1), that A. maritima diverged from Clethropsis only after this tropical 
episode, and that, since its time in the tropics, A. maritima has also inhabited very cold regions 
like those it would have encountered during a migration into North America (Figure 1). Alnus 
maritima and the other members of subg. Clethropsis all bloom in early autumn, a 
characteristic exclusive to Clethropsis. Stibolt (1978) emphasized the likelihood that this 
autumnal blooming habit was derived from the spring blooming characteristic of its ancestors. 
She also noted that in very warm areas A. japonica can bloom during the winter months, and 
that the transition of Clethropsis to anthesis in early autumn could only have taken place 
during a tropical period. Although sharing this characteristic of tropical origin with its relatives 
in southern Asia, the cold hardiness of A. maritima is far from characteristic of a tropical 
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species. While A. nitida and A. nepalensis cannot survive -31°C in midwinter, A. maritima can 
withstand midwinter temperatures as low as -80°C (Schrader and Graves 2002b), hardiness 
similar to the most cold-resistant trees from subarctic regions (Vezina et al. 1997). Fossils of 
the extinct species Alnus relatus (Knowlton) Brown, believed to be the ancestral equivalent of 
Alnus maritima, have been found in the Pacific Northwest of the United States (Figure 1) 
(Brown 1937, Chaney 1959; Chaney and Axelrod 1959; Graham 1965; Schrader and Graves 
2000b). The location of these fossils suggests that ancestors of A. maritima adapted to a 
subarctic climate during their migration into North America through the subarctic regions 
surrounding the Bering Strait. 
Our molecular phytogeny of A. maritima at the infraspecific level provides further 
support for the model of divergence and migration shown in Figure 1, while almost directly 
opposing the other model, that A. maritima originated on the Delmarva Peninsula and 
underwent long distance dispersal to the other two locations. This new evidence, appearing in 
its most complete form in the simultaneous analysis (Figure 6), confirms that subsp. 
oklahomensis was the first of the three subspecies to diverge and that subsp. maritima is the 
most derived of the subspecies, rather than the most primitive. 
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Table I. Vouchers for all 31 individuals sampled for ISSR-PCR analysis. Source abbreviations: (NCRPIS) = North Central 
Regional Plant Introduction Station, Ames, IA; (S&G) = Schrader and Graves Alnus collection at Iowa State University. 
Latitude and longitude are according to Global Positioning System (GPS) and are included when known. 
Species or subsp. Accession Source Origin Latitude Longitude 
A. glutinosa AG 403 S&G Hungary 
A. hirsuta PI 479294 NCRPIS Japan, Hokkaido 43° 14' 43.233" N 142° 24' 142.400" E 
A. incana PI 495875 NCRPIS Kremmling, Colorado 
subsp, tenuifolia 
A. japonic» PI 479297 NCRPIS Japan, Kushiro-shi 
A. serrulata AS 301 S&G Euharlee, Georgia 34° 07' 44.90543" N 84° 56'51.79691" W 
AS 302 S&G Euharlee, Georgia 34° 07'45.06364" N 84° 56'51.65916" W 
AS 707 S&G 2 km W of Cass, Arkansas 
A. nepalensis A.nep 601 S&G India 
A.nep 602 S&G India 
A.nep 603 S&G India 
A. nitida A.nit 501 S&G India 
A.nit 503 S&G India 
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Table 1. (continued) 
A, maritima 
subsp. georgiensis 
subsp. maritima 
OK 4 S&G 
OK 7 S&G 
OK 22 S&G 
GA 103 S&G 
GA 104 S&G 
GA 107 S&G 
GA 109 S&G 
GA 111 S&G 
GA 116 S&G 
GA 117 S&G 
GA 121 S&G 
GA 123 S&G 
GA 125 S&G 
MA 205 S&G 
MA 209 S&G 
MA 216 S&G 
MA 219 S&G 
MA 221 S&G 
MA 226 S&G 
Connerville, Oklahoma 
Connerville, Oklahoma 
Tishomingo, Oklahoma 
Euharlee, Georgia 
Euharlee, Georgia 
Euharlee, Georgia 
Euharlee, Georgia 
Euharlee, Georgia 
Euharlee, Georgia 
Euharlee, Georgia 
Euharlee, Georgia 
Euharlee, Georgia 
Euharlee, Georgia 
Snow Hill, Maryland 
Sharptown, Maryland 
Bethel, Delaware 
Ellendale, Delaware 
Ellendale, Delaware 
Millsboro, Delaware 
34° 20' 11.33387" N 
34° 20' 11.33387" N 
34° 15' 38.06" N 
34° 07'45.09" N 
34° 07'45.09" N 
34° 07' 44.48" N 
34° 07' 44.48" N 
34° 07' 44.48" N 
34° 07' 59.12" N 
34° 08' 09.99" N 
34° 08' 09.99" N 
34° 08' 05.69" N 
34° 08' 05.69" N 
38° 10' 06.78774" N 
38° 32' 53.358" N 
38° 36' 1.98329 " N 
38° 50' 13.767" N 
38° 50' 13.767" N 
38° 35' 36.96466" N 
96° 35' 39.47116" W 
96° 35' 39.47116" W 
96° 41' 0.67" W 
84° 56' 50.877" W 
84° 56' 50.877" W 
84° 56' 53.814" W 
84° 56' 53.814" W 
84° 56' 53.814" W 
84° 57' 34.65" W 
84° 57' 29.16" W 
84° 57' 29.16" W 
84° 57' 30.11 "W 
84° 57' 30.11" W 
75° 26' 00.40549" W 
75° 43' 22.718" W 
75° 38' 44.40750" W 
75° 26' 19.466" W 
75° 26' 19.466" W 
75° 17' 27.82579" W 
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Table 2. ISSR (inter-simple sequence repeats) bands (loci), number of polymorphic loci, 
and percentage of polymorphic loci resolved at the taxonomic levels of subgenus, species, 
and subspecies by using three, 3'-anchored ISSR primers. 
Primers 
(CA)gRG (AG)gYT (AC)8G All three primers 
Subgenus level 
Total # loci 13 
# of polymorphic loci 12 
% of polymorphic loci 92 
Species level 
Total # loci 77 
# of polymorphic loci 61 
% of polymorphic loci 79 
Subspecies level 
Total# loci 20 
# of polymorphic loci 6 
% of polymorphic loci 30 
18 13 44 
11 9 32 
61 69 73 
109 62 248 
90 54 205 
83 87 83 
26 14 60 
8 4 18 
31 29 30 
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Table 3. Subgenus-, species-, and subspecies-specific bands (loci) resolved by using 
ISSR-PCR (inter-simple sequence repeats - polymerase chain reaction) with three, 3'-
anchored ISSR primers. 
Primers 
(CA)6RG (AG)gYT (AC)gG All three primers 
Subgenus-specific loci 
Clethropsis 1 
Alnus 5 
Species-specific loci 
A. maritima 6 
A. nitida 6 
A. nepalensis 5 
A. serrulata 7 
A. hirsuta 4 
A. incana 4 
A. glutinosa 3 
A. japonica 4 
A. maritima subspecies-specific loci 
oklahomensis 2 
georgiensis 0 
maritima 2 
9 4 20 
2 5 12 
7 5 18 
6 1 13 
6 4 15 
10 7 24 
6 4 14 
9 4 17 
7 2 12 
12 7 23 
1 1 4 
1 1 2 
2 0 4 
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Table 4. Comparison of the Euclidean distances between the three species of Alnus subg. 
Clethropsis and the Euclidean distances between the subspecies of Alnus maritima. 
Taxa Euclidean Distance 
Species 
A. maritima and A. nepalensis 56 
A. maritima and A. nitida 58 
A. nepalensis and A. nitida 42 
Subspecies 
oklahomensis and maritima 13 
oklahomensis and georgiensis 13 
maritima and georgiensis 10 
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Figure I. Map illustrating the phytogeny and phytogeography of Alnus maritima and 
some closely related species according to the model first proposed by Furtow ( 1979). The 
map shows the probable areas of origin for genus Alnus, subgenus Clethropsis, and species 
Alnus maritima in Asia. Also shown are the probable routes of ancestral migrations, 
location of the fossil species (Alnus relatus) believed to be equivalent to Alnus maritima 
(Brown 1937; Chaney 1959; Chaney and Axelrod 1959; Graham 1965; Schrader and Graves 
2000b), and the present distributions of the species and subspecies of subg. Clethropsis: A. 
nepalensis, A. nitida, and A. maritima subspp. oklahomensis, georgiensis, and maritima. 
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Figure 2. Gel image produced by GeneScan® and showing banding patterns from 
ISSR-PCR (inter-simple sequence repeats - polymerase chain reaction) of total DNA from 
Alnus species and subspecies. Lanes are shown divided into groups reading from left to 
right: A. maritima subsp. oklahomensis (OK), subsp. georgiensis (GA), subsp. maritima 
(MA), A. nitida (A. nit), A. nepalensis (A. nep), A. serrulata (A. ser), A. japonica (A. jap), A. 
hirsuta (A. hir), A. incana (A. i), A. glutinosa (A. g). Subgenus-, species-, and subspecies-
specific bands (one example for each taxon except GA) have been highlighted by boxes. 
Primer for this run was a fluorescent-labeled, 3'-anchored simple sequence repeat [(CA)6RG]. 
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Figure 3. The single most parsimonious tree of 256 steps for the inferred 
phylogenetic relationships between eight species of Alnus based on polymorphisms in 248 
ISSR (inter-simple sequence repeats) loci total. Numbers in parentheses are bootstrap and 
jacknife percentages, respectively. Topology of this most parsimonious tree matched the 
strict consensus tree obtained through analysis of all 2000 bootstrap and jacknife trees. 
Alnus japonica, an Asian species from a primitive section of subg. Alnus (Furlow 1979), was 
designated as the outgroup. 
101 
A. nepalensis 
21.8 
27.7 A. maritima 
5.1 
3.8 A. glutinosa 24.0 
,2.9 
.2.6 24.0 
A. hirsuta 
25.9 
A. incana 
32.1 
38.9 
A. serrulata 
'A. japonica 
Figure 4. Molecular phylogeny of eight species of Alnus based on polymorphisms in 
248 ISSR (inter-simple sequence repeats) loci. Tree topology and branch lengths were 
derived from Euclidean distances and the neighbor-joining algorithm of PHYLIP 
(Phylogeny Inference Package, Felsenstein 1995). 
Figure 5. I. Inferred phylogeny for the three subspecies of Alnus maritima based on 
molecular data (polymorphisms in 60 ISSR [inter-simple sequence repeats] loci total). 
Bootstrap and jacknife percentages for clade B were 59 and 56, respectively, based on 1000 
resamplings each. H. Inferred phylogeny for the three subspecies of Alnus maritima based 
on unweighted morphological data (23 characters), derived from the measurements of 
Schrader and Graves (2002a). Alnus japonica, an Asian species from a primitive section of 
subg. Alnus (Furlow 1979), was designated as the outgroup for both cladograms. Numbers 
indicate the branch lengths from a point of divergence to the position of an extant taxon or 
the distance between successive points of divergence (A to B). Euclidean distances between 
subspecies given by molecular data were 13 for oklahomensis to georgiensis, 13 for 
oklahomensis to maritima, and 10 for georgiensis to maritima. Euclidean distances between 
subspecies given by morphological data were 13.1 for oklahomensis to georgiensis, 15.5 for 
oklahomensis to maritima, and 8.9 for georgiensis to maritima. Both phytogenies were 
produced using the neighbor-joining algorithm of PHYLIP (Phylogeny Inference Package, 
Felsenstein 1995). 
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Figure 6. Inferred phylogenetic relationship between the three subspecies of Alnus 
maritima based on the "simultaneous analysis" (Nixon and Carpenter 1996) of ISSR (inter-
simple sequence repeats) polymorphisms together with 23 characters of morphology. 
Molecular and morphological data were unweighted and analyzed by using Euclidean 
distances and the neighbor-joining method. Alnus japonica was the designated outgroup. 
Numbers indicate the branch lengths from a point of divergence to the position of an extant 
taxon or the distance between successive points of divergence (A to B). The total Euclidean 
distances between subspecies were 26.1 for oklahomensis to georgiensis, 28.5 for 
oklahomensis to maritima, and 18.9 for georgiensis to maritima. 
105 
CHAPTER 5. PHENOLOGY AND DEPTH OF COLD ACCLIMATION IN THE 
THREE SUBSPECIES OF ALNUS MARITIMA 
A paper to be submitted to the Journal of the American Society for Horticultural Science 
James A. Schrader and William R. Graves 
ADDITIONAL INDEX WORDS, seaside alder, cold hardiness, tissue discoloration, woody 
landscape plants, stress tolerance 
ABSTRACT 
Alnus maritima (seaside alder) is a large shrub or small tree with potential for use in 
managed landscapes. Because the three subspecies of A. maritima are indigenous only to 
areas with mild winter temperatures (USDA hardiness zones 7a and 7b), knowledge of their 
cold acclimation and cold hardiness is vital if they are to be used where winters are more harsh. 
Phenology and depth of cold hardiness was assessed by collecting stem samples seven times 
from 25 Sept. 2000 to 23 April 2001, subjecting the samples to cold temperature ramping, and 
measuring the lowest survival temperature (LST) via the tissue discoloration method. Samples 
were collected from indigenous plants of the three subspecies and from plants growing in a 
common garden near the border of USDA zones 4 and 5 in Ames, Iowa. Results indicated that 
some plants from all three subspecies can survive mid-winter extremes as low as -80 °C; that 
plants grown in Ames achieved a greater depth of cold hardiness for most of the winter and 
were more uniform in cold hardiness than plants growing in warmer native sites; and that the 
three subspecies did not differ in phenology or depth of cold acclimation. Results of field 
trials with plots of 150 plants each installed in three northern hardiness zones (USDA zones 
5a, 4a, and 3a) supported these conclusions by showing survival of all 450 plants. We 
resolved differences among subspecies by rating the percentage of stem tissue survival for each 
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plant. Subspecies maritima, from the northernmost provenance (the Delmarva Peninsula), 
showed the least stem death across all three plots (3.9% tissue death), followed by subsp. 
georgiensis from northwestern Georgia (10% tissue death), and subsp. oklahomensis from 
southern Oklahoma (12.8% tissue death). Our results suggest that low temperatures should 
not limit the use of A. maritima in areas as harsh as USDA zone 3a. Selections based on cold 
hardiness may allow the use of A. maritima in areas with even colder winters. 
INTRODUCTION 
Alnus maritima (Marsh.) Muhl. ex Nutt. is a rare woody species that occurs naturally 
as three subspecies from widely disjunct provenances in the United States. Alnus maritima 
subsp. oklahomensis Schrader & Graves is found naturally in only two counties in south-
central Oklahoma, A. maritima subsp. georgiensis Schrader & Graves is isolated to one 
county in northwestern Georgia, and A. maritima subsp. maritima is found only on the 
Delmarva Peninsula in four counties in Maryland and two counties in Delaware (Schrader and 
Graves, 2002). There is a growing interest in the use of A. maritima in managed landscapes, 
but information regarding the proper geographical range for the use of this species has not 
been established. The natural distribution of A. maritima is limited to areas with relatively mild 
winter temperatures. Subspecies oklahomensis and maritima occur in USDA hardiness zone 
7a, where the mean minimum temperature is -15 to -18 °C, and subsp. georgiensis occurs in 
zone 7b with a mean minimum of-12 to -15 °C. Although it appears that a lack of cold 
hardiness has limited A. maritima from areas with harsher winters, the present distribution of 
the species may be only a remnant of a much larger range that included areas as far north as 
Washington and Idaho (Furlow, 1979; Schrader and Graves, 2000). While Alnus is among the 
most cold hardy genera in the world (Vezina et al., 1997), little information is available on A 
maritima. Therefore, our overall goal was to model the phenology and cold acclimation of this 
species. 
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The peculiar, natural distribution of A. maritima provided a unique situation for the 
study of plant cold hardiness. Their isolation and extreme geographic disjunction suggest that 
the three subspecies of A. maritima may differ in phenology and depth of cold acclimation, 
therefore it is possible that genotypes from one of the subspecies may be more suitable for use 
in colder areas. We examined the cold hardiness of plants from all three subspecies growing 
both in natural environments and in field plots we established in Iowa and Minnesota. Our 
objectives were to characterize the phenology of winter dormancy, cold acclimation, and return 
of active shoot growth; to determine the effects of colder climates on the cold hardiness of A 
maritima; to compare the cold hardiness of A. maritima with that of four other species of 
Alnus; and to establish the safe geographical range for A. maritima in managed landscapes as 
defined by plant cold hardiness. Our results will be used to develop guidelines for proper use 
of A. maritima in managed landscapes and will help guide plant breeding and selection efforts. 
They also provide new clues concerning the origin of the disjunct distribution of A. maritima. 
MATERIALS AND METHODS 
Cold Acclimation and Cold Hardiness 
LABORATORY ASSESSMENTS. TWO laboratory assessments of stem tissue hardiness 
were conducted. The first assessment was performed during the autumn, winter, and spring of 
2000-01 by using the tissue discoloration method, which is more accurate than use of specific 
conductivity, tetrazolium staining, and multiple freezing point exotherms (Stergios and Howell, 
1973). Tissue discoloration also has proven consistently accurate with numerous woody 
species (Pellet et al., 1981). We examined the cold acclimation and cold hardiness of plants of 
the three subspecies of A. maritima and compared the acclimation and hardiness of plants 
growing in natural habitats (USDA hardiness zone 7) with those growing in a common garden 
near Ames, Iowa (USDA hardiness zone 5a). 
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Samples of stems formed in 2000 were collected on 25 Sept., 30 Oct., and 4 Dec. of 
2000, and 8 Jan., 12 Feb., 18 Mar., and 22 Apr. of 2001 from plants of all three subspecies in 
situ (growing in Oklahoma, Georgia, and on the Delmarva Peninsula) and ex situ (growing 
together in a randomized plot in Ames, Iowa). Five mature trees of each subspecies were 
sampled in situ, along with five three-year-old, half-sibling groups of each subspecies ex situ. 
Each half-sibling group consisted of six plants propagated from the seed of one parent tree in 
its native provenance. Stem samples from all collection sites were transported on ice to Iowa 
State Univ. within 24 h. Each stem section was trimmed to 5 cm in length after removing the 
terminal 5 cm of the shoot apex, was wrapped in moist paper toweling, and was placed in a 16-
mm diameter test tube that was held at 4 °C in a programmable freezer (ScienTemp, Adrian, 
Mich.) until the start of temperature ramping. After all samples were prepared, the temperature 
was lowered and held at -2 °C for I h. Each sample then was nucleated with ice crystals, 
controls were removed and placed in a refrigerator at 4 °C, and the temperature was lowered at 
4 °C per hour. Temperatures were monitored in test tubes by using a datalogger and four 
thermocouple probes (CR23X, Campbell Scientific, Logan, Utah) positioned at disparate 
locations in the freezer. Four replicates from each plant source were removed at each 4 °C 
interval. Upon removal, samples were allowed to thaw slowly by placing them on ice for 1 h 
and then holding them at 4 °C for 12 h. After thawing, test tubes were covered with parafilm 
and incubated in a dark growth chamber at 22 °C for 14 d. After incubation, each stem sample 
was sectioned longitudinally and examined for tissue discoloration under a dissecting 
microscope (Fig. 1). Each stem section was rated as alive (cambium and phloem light green or 
clear) or dead (>60% of cambium and phloem was brown). The lowest survival temperature 
(LST) (Fuchigami et al., 1971) was determined for each source plant as the minimum treatment 
temperature at which >75% (three out of four) of the replicates survived. 
We assessed response to seven temperatures (range of 24 °C) on each date. Ranges 
were -2 to -22 °C on 25 Sept., -6 to -30 °C on 30 Oct., -34 to -58 °C on 4 Dec., -56 to -80°C 
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on 8 Jan., -38 to -62 °C on 12 Feb., -34 to -58 °C on 18 Mar., and -30 to -54 °C on 22 Apr. 
There were samples on each date that were not killed by the lowest temperature applied. For 
analysis purposes, these samples were assigned an LST that coincided with the most severe 
treatment for that assessment date, even though the LST may have actually been lower. 
Analyses focused on cold acclimation (increase in cold hardiness) and de-acclimation (loss of 
cold hardiness) of plants of the three subspecies through the fall, winter, and spring and on 
defining their peak cold hardiness in mid-winter. The effects of date, in situ vs. ex situ 
collection, and genotype (species, subspecies, or population) were determined by analysis of 
variance and Fisher's least significant difference test. Cold acclimation and hardiness results 
were modeled with the current season's daily minimum temperatures and record daily 
minimum temperatures for locations in zones 5a, 4a, and 3a to predict the safe geographical 
range for the use of A. maritima in managed landscapes. 
The second laboratory assessment examined the mid-winter cold hardiness of A. 
maritima and its three subspecies in another way. Whole shoots were collected on 30 Jan. 
2002 from four-year-old trees of all subspecies at a research station of Iowa State Univ. near 
Ames, Iowa. After wrapping the basal 5 to 10 cm of each shoot with moist paper towel 
surrounded by parafilm, the frozen, whole shoots were placed in the programmable freezer and 
held at -6 °C for 10 h. The temperature then was lowered 3 °C per hour. One shoot from each 
subspecies was removed at each of five treatments (-30, -40, -50, -60, and -70 °C) and allowed 
to thaw slowly by placing it outdoors for >12 h at -2 to -6 °C. For the sixth treatment at -80 
°C, samples were allowed to remain in the freezer as the programmed temperature slowly 
returned from -80 to -6 °C over the 12-h period. We believe this provided a stringent test of 
cold hardiness for these samples by maintaining them at extremely cold temperatures for a 
long period of time (< -60 °C for =10 h) and by providing a realistic rate of temperature 
change during wanning. After thawing, the basal end of each shoot was held in forcing 
solution of gibberellic acid (25 mg/L), 8- hydroxyquinoline (200 mg/L), and sucrose (20 g/L) 
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in distilled-deionized H20. The shoots were held on a greenhouse bench at 20 to 22 °C under 
a 16-h photoperiod by using two 400-W high-pressure sodium lamps to supplement natural 
irradiance. Shoots were monitored each day for evidence of budbreak and new growth, as an 
estimate of the coldest temperature at which the trees could survive in mid-winter. 
FIELD TRIALS. In the spring of 2000, one-year-old seedlings of A. maritima, Alnus 
serrulata (Ait.) Willd., Alnus glutinosa (L.) Gaertn., Alnus nitida (Spach) Endl., and Alnus 
nepalensis D. Don were installed at three sites that differed in winter climate severity. These 
field plots were established at a research station of Iowa State Univ. near Ames, Iowa (USDA 
hardiness zone 5a, mean annual minimum of -26 to -29 °C); at the Minnesota Landscape 
Arboretum in Chanhassen, Minn. (USDA hardiness zone 4a, mean annual minimum of -32 to 
-34 °C); and on a site near Lake George, Minn. (USDA zone 3a, mean annual minimum of -37 
to -40 °C) (Fig. 2). At all three locations, ten half-sibling groups of seedlings of each 
subspecies of A. maritima, three half-sibling groups of seedlings of A. serrulata (one group 
each from Delaware, Georgia, and Arkansas), and one half-sibling group each of A. glutinosa, 
A. nitida, and A. nepalensis were placed in a completely randomized design, with five 
replications per half-sib group. Alnus serridata is a species with a continuous distribution that 
covers nearly the same range as the disjunct distribution of A. maritima. The population of A. 
serrulata from Georgia is sympatric with A. maritima subsp. georgiensis, the population of A. 
serrulata from Delaware is sympatric with subsp. maritima, and the population of A. serrulata 
in Arkansas is close to subsp. oklahomensis, but 150 km farther north. Plots were irrigated 
twice each month from 1 May to 1 Oct. during the two growth seasons to ensure that drought 
did not affect growth and survival. Plants were measured at the end of the first season (early 
October 2000) and again the following spring (mid-June 2001) to assess winter survival and 
growth in the three different climates. Measurements were plant survival (percentage of trees 
from each taxon that exhibited any new growth from any position on the existing shoot by 
mid-June 2001), tissue survival (percentage of the existing shoot system that broke bud and 
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grew), and shoot volume in June 2001. The shoot volume was calculated by multiplying the 
shoot height by the horizontal shoot area (area of an ellipse calculated from the two shoot 
diameter measurements) (Schrader and Graves, 2002). 
Phenology of Dormancy and Active Growth 
The phenology of budbreak, shoot growth, and leaf abscission was characterized for 
two-year-old A. maritima growing at a research station of Iowa State Univ. near Ames, Iowa, 
during 2001. Data were collected from 125 plants each from subspp. maritima and 
georgiensis, and 105 plants from subsp. oklahomensis that were installed in June 2000 in a 
completely randomized plot. Plants were measured each day during the time of budbreak, once 
a month (16 May, 24 June, 25 July, 25 Aug., 25 Sept., and 5 Oct.) during the time of active 
growth, and once every 3 d during the time of leaf abscission. Percentage budbreak was the 
percentage of plants that had broken bud on or before each assessment date. A plant was 
considered to have broken bud when three or more of its buds had opened sufficiently that the 
adaxial side of a leaf could be seen. Shoot growth was a rate calculated as the increase in shoot 
volume divided by the number of days of growth and measured in cubic centimeters per day. 
Leaf abscission was measured as the percentage (estimated to the nearest 10%) of total 
seasonal leaves remaining on a plant on each assessment date. 
Daily minimum temperatures for the Ames plot were recorded by using a CR23X 
datalogger (Campbell Scientific, Logan, Utah). Daily minimum temperatures for the sites in 
Minnesota were obtained from the Historical Data Retrieval and Climate Summaries web page 
(http://climate.umn.edu/doc/historical.htm). All data for 100-year record daily minima and 
100-year mean daily minima were obtained from the Climatology Index Page (The Weather 
Channel, 1995-2002). Data for the 50-year record daily minima for Ames, Iowa, were obtained 
from the Climatological Data Selection Page (http://mesonet.agron.iastate.edu/climodat/ 
table html). To help determine in which part of the winter season seedlings may have been 
damaged and to establish where A. maritima can safely be used in the landscape, we plotted the 
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phenology of cold hardiness of A. maritima (LSTs for the plants in Ames, Iowa) recorded in 
the first lab assessment with the daily minimum temperatures for winter 2000-01 and the 50-
or 100-year record minima for the three cold hardiness sites. Data were analyzed by using the 
general linear models (GLM) procedure and the least significant difference (LSD) option of 
SAS/STAT® software, Version 6.12 (1989-96). 
RESULTS 
Cold Acclimation and Cold Hardiness 
LABORATORY ASSESSMENTS. Results from the first laboratory assessment showed 
ample cold hardiness for all three subspecies on all seven dates throughout the winter of 2000-
01 when compared with the 100-year record daily minima from regions where they are found 
naturally (Table 1). Although the winter climates where the three subspecies are indigenous 
vary, as shown by the mean and record minimum temperatures for these regions (Table I), the 
LSTs were not different among the three subspecies on any of the seven dates assessed. On 
four of the assessment dates, cold hardiness was greater (lower LST) for plants in Ames, Iowa, 
than for plants in their native habitats. Cold acclimation (shown by the decreasing LSTs for 25 
Sept., 30 Oct., 4 Dec., and 8 Jan.) and mid-winter peak cold hardiness (LSTs for 8 Jan.) were 
similar for plants growing in the two habitats, but plants in native habitats de-acclimated (lost 
cold hardiness) more quickly than did plants growing in Ames (Table 1). Even though plants 
de-acclimated sooner in native sites, their LSTs were more than sufficient for plants to 
withstand the record minima in their natural environments. The mean LST for all 30 samples 
on 8 Jan. indicates that, as a species, A. maritima can withstand mid-winter extremes as low as 
-63 °C. Because seven samples exceeded the lower limit of the test range on 8 Jan. (-80 °C), A. 
maritima may be cold hardy at even lower temperatures and at least some of the genotypes 
were cold hardy at -80 °C or lower. 
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The strong mid-winter cold hardiness of A. maritima was confirmed by our second 
laboratory assessment. Budbreak was observed on all samples from all three subspecies and 
all six treatments (-30, -40, -50. -60, -70 and -80 °C) by 20 Feb. 2002, within three weeks of 
cold-temperature ramping. New foliage was produced by all samples until the termination of 
the experiment on 13 Mar. 2002. New growth took place from both apical and axillary buds, 
with no visible signs of damage from cold stress on any of the shoots (Fig. 3). 
FIELD TRIALS. Two-year-old trees of A. maritima, A. serrulata, and A. glutinosa 
showed 100% plant survival at all three of the cold-hardiness plots during their first winter 
(2000-01), while the other two species, A. nitida and A. nepalensis, showed 0% survival (Table 
2). Of the three species that survived, A. maritima showed the greatest tissue survival per plant, 
91.1% when averaged across all three cold-hardiness plots. At the infraspecific level, we 
compared plant and tissue survival of the three subspecies of A. maritima with genotypes from 
three populations of A. serrulata. All plants from both species survived the colder winters in 
Iowa and Minnesota, but there was a difference in tissue survival among the six populations. 
Alnus maritima subsp. maritima showed the greatest percentage of tissue survival (96.1%), 
and the three subspecies of A. maritima each showed greater tissue survival than A. serrulata 
from their native areas (Table 2). 
Although there were no differences in plant survival among the three subspecies or the 
three cold-hardiness plots, there were differences in tissue survival and shoot growth at these 
levels (Table 3). At the plot near Ames, Iowa (USDA zone 5a), winter damage was negligible 
for all three subspecies, but subspp. oklahomensis and georgiensis had greater growth (greater 
shoot volume) than subsp. maritima in this environment. At Chanhassen, Minn. (USDA zone 
4a), subsp. maritima showed greater tissue survival than subsp. georgiensis, but subsp. 
oklahomensis showed the greatest amount of growth. At the plot near Lake George, Minn. 
(USDA zone 3a), subsp. maritima again showed the greatest percentage of tissue survival 
(91.5%), but tissue damage and slow growth limited the size of plants from all three subspecies 
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(Table 3). Means for subspecies across the three plots confirmed that subsp. maritima was 
the most cold hardy (96.1% tissue survival) of the three subspecies in climates of the Upper 
Midwest in 2000-01, but they also show that subsp. maritima grew more slowly than subsp. 
oklahomensis. Combining the results for the three subspecies, means for the three cold-
hardiness plots show that tissue damage increased for A. maritima along with the severity of 
the winter environments at the three locations (Table 3). Yet, even in the severe environment of 
Lake George, Minn. (USDA zone 3a), the two-year-old seedlings showed 80.4% tissue 
survival over all. 
The cold hardiness of A. maritima, projected from 2000-01 data, exceeded the daily 
minimum temperatures at all three sites for the entire winter of 2000-01 (Fig. 4,5, and 6) and 
the record minimum temperatures except for an extremely low temperature of -25.6 °C for 
Lake George, Minn., recorded for 27 Oct. (Fig. 6) 
Phenology of Dormancy and Active Growth 
The growth phenology of A. maritima varied among the three subspecies when plants 
were assessed in a common garden environment in Ames, Iowa, in 2001 (Fig. 7). Subspecies 
maritima was the earliest to break bud, followed by subsp. oklahomensis and then subsp. 
georgiensis. The first plants of subsp. maritima showed budbreak on 11 Apr., and the last 
plants from subsp. georgiensis broke bud on 23 Apr. For the remainder of April and the 
beginning of May, growth rates were consistent with the order of budbreak, but by the second 
week in May, subsp. oklahomensis had the highest rate of growth. By the end of May, subsp. 
georgiensis had the highest growth rate and it continued to grow faster than the other two 
subspecies until mid-September (Fig. 7). The timing of growth during the season was similar 
for subspp. georgiensis and maritima. Both of these taxa showed a peak in growth rate by 
late July, while subsp. oklahomensis maintained its highest rate of growth from late July to late 
August. Subspecies maritima was the first of the three subspecies to enter dormancy and the 
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first to undergo leaf abscission, while subsp. oklahomensis was the last to enter dormancy and 
the last to shed its leaves (Fig. 7). All three of the subspecies had entered dormancy by 5 Oct. 
DISCUSSION 
It has been proposed that the three disjunct provenances of A. maritima were once part 
of a continuous distribution that covered much of North America, including colder regions in 
the Pacific Northwest, and that the ancestors of A. maritima migrated from Asia into North 
America across the Bering land bridge (Furiow, 1979; Schrader and Graves, 2000; Schrader 
and Graves 2002). Our results fit this model well. Alnus maritima of all three subspecies is 
extremely cold hardy when compared to the mild winter conditions found in its natural 
habitats. It is clear that this level of cold hardiness is not required for survival of plants in 
Oklahoma, Georgia, and on the Delmarva Peninsula, but plants from the three subspecies 
express this strong cold hardiness (mean LST = -64.1 °C on 8 Jan.) even when growing in 
their natural environments (Table 1). Based on the similar patterns of cold acclimation and the 
extreme cold hardiness of the three subspecies of A. maritima when compared to the hardiness 
required for plants to exist in their native habitats (Table 1), we propose that the genotypic 
information responsible for this strong cold hardiness was evolved in a much colder climate 
and was acquired before the divergence of the three subspecies. While some of the genotypes 
from A. maritima can withstand -80 °C in midwinter (Table 1, Fig. 3), we know that the other 
two members of subg. Clethropsis, A. nitida and A. nepalensis from southern Asia, cannot 
survive even -31 °C (the coldest temperature recorded in Ames, Iowa for winter 2000-01), 
because all plants of A. nitida and A. nepalensis were killed at the Ames plot during the winter 
of2000-01 (Table 2, Fig. 4). The model of ancestral migration described above explains these 
data well. Alnus maritima appears to have acquired its extreme cold hardiness after its 
divergence from the other two members of Clethropsis and during its ancestral migrations 
through the area of the Bering Strait, but cold hardiness is lacking in A. nitida and A. 
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nepalensis because their ancestral lines have never ventured beyond eastern and southern Asia 
(Furiow, 1979; Schrader and Graves 2002). 
Alnus serrulata is the only species of Alnus with a distribution that overlaps that of A. 
maritima. Alnus serrulata is sympatic with A. maritima in Georgia and on the Delmarva 
Peninsula, and its continuous distribution begins as far north as Quebec, Canada (USDA zone 
4a), and reaches into eastern Oklahoma, within 150 km of A. maritima (Furiow, 1979; Stibolt, 
1981). Results from our cold hardiness plots reveal that genotypes of A. maritima and A. 
serrulata from the same localities have similar cold hardiness, with A. maritima being slightly 
more cold hardy. The similar pattern of cold hardiness in the two species, supports the notion 
that A. maritima also once occurred over a large continuous distribution, which may have 
included areas with colder winter temperatures. 
The phenology of dormancy and active growth reveals another area where the three 
subspecies of A. maritima have diverged somewhat. It has been demonstrated in several 
species that autumnal phenological events such as cessation of growth, leaf senescence, and 
leaf abscission are genetically controlled in response to shortening photoperiod, while spring 
phenological events (cold de-acclimation, budbreak, and commencement of growth) appear to 
be less genetically controlled because they proceed in response to warming spring 
temperatures (Flint, 1972; Smithberg and Weiser, 1968). Our findings with the subspecies of 
A. maritima appear to follow that this pattern. While there were only slight differences in the 
timing of budbreak among the three subspecies growing in our common garden (all 355 plants 
broke bud within a span of 12 d), midseason growth rate, timing of the cessation of growth, 
and leaf abscission in the autumn showed greater variation (Fig. 7). Although genetic 
differences were evident for growth rate and autumnal phenology among the three subspecies 
(Fig. 7), no differences were resolved among subspecies for the timing of cold acclimation 
(Table 1), a phenomenon possibly explained by the observation of Flint (1972) that cold 
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hardiness in established trees of Quercus rubra L. did not appear to be a factor important in 
natural selection. 
The results of our cold-hardiness assessments demonstrate conclusively that A. 
maritima can be safely planted in landscapes of areas with winters colder than those of its 
native habitats. Our assessment of cold acclimation shows that mean cold hardiness of A. 
maritima exceeds even the 50- and 100-year record daily minimum temperatures for sites in 
USDA zones 5a, 4a, and 3a, from 25 Sept. to 23 Apr. (Fig. 4,5, and 6). While there was some 
tissue damage on two-year-old seedlings at cold-hardiness plots in zones 4a and 3a (Table 3), 
laboratory assessments show that stems from mature plants can survive temperatures as low as 
-80 °C in midwinter (Table 1, Fig. 3). Along with these results, we report our successful use of 
A. maritima subsp. oklahomensis in the landscapes of central Iowa (zones 4b and 5a) since 
1998 and use of subspp. georgiensis and maritima, since 1999. These plants (= 700) have 
thrived in Iowa through four and three winters, respectively. 
Trends for 2000-01 suggest two potential periods during the season when the tissue 
damage may have occurred on seedlings in zones 4a and 3a. The cold hardiness of A. 
maritima follows the overall curve of the daily minimum temperatures well, except during the 
early part of the season, when cold hardiness is closest to the recorded minima for all three 
sites (Fig. 4,5, and 6). The tissue damage may have taken place in Sept. or early Oct. as cold 
acclimation lagged behind the lowering minimum temperatures in 2000-01. The other 
possibility is that tissue damage took place after the unseasonably warm temperatures shown 
for mid-January, when daily minima approached 0 °C ( 16 to 20 °C warmer than average). This 
warming trend may have caused the seedlings to de-acclimate slightly before daily 
temperatures returned to normal. 
Although some plants from all three subspecies have been shown to survive -80 °C in 
our laboratory assessments with no statistical difference between the taxa (Table 1, Fig. 3) and 
our field trials showed 100% plant survival for all three subspecies, our results for percentage 
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tissue survival suggest that subsp. maritima may be better suited for extremely cold regions 
like USDA hardiness zone 3a. Two-year-old seedlings of subsp. maritima from 10 half-
sibling groups showed mean tissue survival of 91.5% after winter in Lake George, Minn, (zone 
3a) (Table 3), and two of these half-sibling groups showed 100% tissue survival at this 
location. It is likely that selections taken from subsp. maritima will include genotypes hardy 
to zone 3a. Even though genotypes from subsp. maritima appear to be slightly more cold 
hardy than those of the other two subspecies, rate of plant growth should also be one of the 
essential criteria for matching the proper genotype to local climates. Both subspp. 
oklahomensis and georgiensis grew faster than subsp. maritima in Ames (zone 5a) and 
Chanhassen (zone 4a) (Table 3). This greater capacity for growth may offset any added risk 
of tissue damage and may justify choosing one of these two subspecies over subsp. maritima 
for landscape applications in zones 5a and 4a. 
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Table 1. Lowest survival temperature (LST) in °C for Alnus maritima subspp. oklahomensis, 
georgiensis, and maritima assessed on seven dates during winter 2000-01. Samples were 
collected on the same dates both from trees growing in native habitats and from trees of the 
three subspecies growing in a common garden near Ames, Iowa. Mean LST for A. 
maritima in each habitat and the mean LST for A. maritima across habitats are included 
along with the number of samples out of 30 that exceeded the test range on each 
assessment date. Also included are the 100-year record daily minimum temperature (°C) 
and the 100-year mean daily minimum temperature (°C) for the seven dates, recorded for 
Ames, Iowa, and the areas where the three subspecies are native2. 
Category Date 2000-01 
and 
source 25 Sept. 30 Oct. 4 Dec. 8 Jan. 12 Feb. 19 Mar. 23 Apr. 
Subspecies LST 
oklahomensis -13 ay -26 a -50 a -61 a -55 a -48 a -36 a 
georgiensis -16 a -25 a -52 a -66 a -57 a -45 a -40 a 
maritima -12 a -25 a -53 a -62 a -56 a -50 a -41 a 
Record daily 
minimum temp 
Tishomingo, Okla. 7(i4r -10(7) -7(1) -18(-3) -17 (-1) -11(6) 3(12) 
Carters ville, Ga. 4(13) -4(6) -9(2) -13(-1) -14(0) -6(5) -2(9) 
Seaford, Del. 1(11) -6(4) -12(-1) -12(-4) -19(-4) -11(1) -1(6) 
Ames, Iowa 2(9) -7(1) -20 (-7) -27 (-13) -28(-ll) -16(-2) -3(5) 
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Table 1. (continued) 
Mean LST 
Native habitat -12.7 aw -23.9 a -49.2 a -64.1a -50.3 a -40.9 a -30.0 a 
Ames, Iowa -14.8 a -27.1b -53.5 a -61.9 a -61.7 b -54.5 b -48.1b 
A. maritima -13.7 -25.5 -51.3 -63.0 -56.0 -47.7 -39.1 
# of samples 
exceeding test 2@-22v 6 @-30 16 @-58 7 @-80 18 @-62 8 @-58 5 @-54 
range 
'Subsp. oklahomensis is found near Tishomingo, Okla.; subsp. georgiensis is found near 
Cartersville, Ga.; and subsp. maritima is found near Seaford, Del. 
'Subspecies means within each column followed by the same letter are not significantly different 
at P < 0.05 according to Fisher's least significant difference test. 
'Numbers outside parentheses are the 100-year record daily minimum temperatures; numbers 
inside parentheses are the 100-year mean daily minimum temperatures. 
"Habitat means within each column followed by the same letter are not significantly different at 
P < 0.05 according to Fisher's least significant difference test. 
"Number of samples out of 30 that exceeded the temperature range for the test date, followed by 
the minimum temperature tested on that date. 
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Table 2. Plant and tissue survival for two-year-old trees from five species of Alnus after 
winter 2000-01. Winter survival is compared separately at specific and infraspecific levels 
by using combined data from cold-hardiness plots in Ames, Iowa (USDA zone 5a); 
Chanhassen, Minn. (USDA zone 4a); and Lake George, Minn. (USDA zone 3a). 
Taxon Plant survival2 (%) Tissue survival (%) 
Species level* 
Alnus maritima 100 a* 91.1 a 
Alnus serrulata 100 a 78.1b 
Alnus glutinosa 100 a 73.2 b 
Alnus nitida 0 b 0 c 
Alnus nepalensis 0 b 0 c 
Infraspecific level" 
Alnus maritima 
subsp. oklahomensis 100 a 87.2 be 
subsp. georgiensis 100 a 90.0 b 
subsp. maritima 100 a 96.1a 
Alnus serrulata 
Arkansas 100 a 79.8 d 
Georgia 100 a 73.4 d 
Delaware 100 a 81.2 cd 
^Percentage of trees from each taxon that exhibited any new growth from any position on the 
existing shoot by mid-June, 2001. 
'Percentage of the existing shoot that broke bud and grew. 
*n=450 for A. maritima; n=45 for A. serrulata; n=15 for A. glutinosa, A. nitida, and A. 
nepalensis. 
" Means within columns and taxonomic levels followed by the same letter are not significantly 
different at P < 0.05 according to Fisher's least significant difference test. 
vn=l50 for each subspecies of A. maritima and n=15 for each population of A. serrulata. 
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Table 3. Tissue survival and shoot growth of two-year-old trees from the three subspecies of 
Alnus maritima assessed after winter 2000-01. Means for subspecies are compared 
separately for trees from cold-hardiness plots in USDA zones Sa (Ames, Iowa), 4a 
(Chanhassen, Minn ), and 3a (Lake George, Minn), followed by the means for subspecies 
across the three plots and a comparison of plot means for the survival and growth of the 
species A. maritima. 
Plot location2 
and 
subspecies7 Tissue survival* (%) Shoot volume" (dm3) 
Ames, Iowa 
oklahomensis 98.1 av 40.7 a 
georgiensis 98.7 a 38.8 a 
maritima 99.4 a 29.2 b 
Chanhassen, Minn. 
oklahomensis 94.1 ab 43.3 a 
georgiensis 91.0 b 29.5 ab 
maritima 97.3 a 27.6 b 
Lake George, Minn. 
oklahomensis 69.4 c 3.8 b 
georgiensis 80.2 b 5.5 a 
maritima 91.5 a 5.3 a 
Subspecies means across plots 
oklahomensis 87.2 c 29.3 a 
georgiensis 90.0 b 24.6 ab 
maritima 96.1a 20.7 b 
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Table 3. (continued) 
Plot means for A. maritima 
Ames 98.7 a 36.2 a 
Chanhassen 94.1 b 33.4 a 
Lake George 80.4 c 4.9 b 
'n=l50 for plot means. 
fn=50 for subspecies means within each plot; n=l50 for subspecies means across plots. 
'Percentage of the existing shoot that broke bud and grew. 
"Shoot size calculated from three dimensional shoot measurements taken in mid-June 2001. 
" Means within each group of three followed by the same letter are not significantly different at 
P < 0.05 according to Fisher's least significant difference test. 
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Fig. 1. Diagnostic characteristics for the tissue-discoloration method of cold-
hardiness analysis. After receiving chilling treatments then 14 d of incubation at 22 °C, 
stem samples of Alnus maritima were rated as dead (left) or alive (right) based on the color 
and condition of cambium and phloem tissues. 
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Lake George, Mil 
Chanhassen, Winn. • 
Fig. 2. Field trials evaluating the winter hardiness of Alnus maritima and four other 
species of Alnus were established at three sites in the upper Midwest of the United States: at 
a research station of Iowa State Univ. near Ames, Iowa (USDA hardiness zone Sa, mean 
annual minimum -26 to -29 °C); at the Minnesota Landscape Arboretum in Chanhassen, 
Minn. (USDA hardiness zone 4a, mean annual minimum -32 to -34 °C); and on a site near 
Lake George, Minn. (USDA zone 3a, mean annual minimum -37 to -40 °C). 
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Fig. 3. Growth of shoots from the three subspecies of Alnus maritima after they had 
received laboratory chilling treatments as low as -80°C. Shoots were collected on 30 Jan. 
2002 from four-year-old trees near Ames, Iowa. 
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Fig. 4. Daily minimum temperatures for 2000-01 and 50-year record daily minimum temperatures in Ames, 
Iowa, for September through April are plotted along with the mean LST (lowest survival temperature) of three-
year-old Alnus maritima in Ames, Iowa, assessed on seven dates during 2000-2001 (25 Sept., 30 Oct., 4 Dec., 8 
Jan., 12 Feb., 19 Mar., and 23 Apr.). 
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Fig. 5. Daily minimum temperatures for 2000-01 and 100-year record daily minimum temperatures in 
Chanhassen, Minn, for September through April are plotted along with the mean LST (lowest survival 
temperature) of three-year-old Alnus maritima in Ames, Iowa, assessed on seven dates during 2000-2001 (25 
Sept., 30 Oct., 4 Dec., 8 Jan., 12 Feb., 19 Mar., and 23 Apr.). 
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Fig. 6. Daily minimum temperatures for 2000-01 and 100-year record daily minimum temperatures in Lake 
George, Minn, for September through April are plotted along with the mean LST (lowest survival temperature) of 
three-year-old Alnus maritima in Ames, Iowa, assessed on seven dales during 2000-2001 (25 Sept., 30 Oct., 4 
Dec., 8 Jan., 12 Feb., 19 Mar., and 23 Apr.). 
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Fig. 7. Phenology of budbreak, shoot growth, and leaf abscission of two-year-old 
Alnus maritima growing near Ames, Iowa, in 2001. Data were collected from 125 plants 
each from subspp. maritima and georgiensis, and 105 plants from subsp. oklahomensis. 
Percentage budbreak was the percentage of plants that had broken bud on or before each 
assessment date, shoot growth was a simple growth rate (increase in shoot volume divided 
by the number of days of growth), and leaf abscission is shown as the mean percentage of 
leaves remaining on a plant. 
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CHAPTER 6. GENERAL CONCLUSIONS 
GENERAL DISCUSSION 
The underlying theme for this dissertation revolves around a question. This question is 
invariably the first one asked by an audience when I am given occasion to speak on the topic of 
Alnus maritima. What is the origin of this peculiar disjunct distribution? The extreme 
disjunct distribution of A. maritima is a curiosity that has eluded a full explanation since July 
10, 1872, when Elihu Hall discovered the population of A. maritima growing along the 
tributaries of the Red River in the Indian Territory (Sargent 1896). Many of the early attempts 
to explain this unique distribution seem to be biased by the fact that A. maritima was first 
discovered on the Delmarva Peninsula. Some questioned whether these two populations, 
which were separated by approximately 1930 km, were members of the same species, while a 
few doubted that the population in Oklahoma existed at all (Stibolt 1981). Others were 
convinced that the two populations belonged to the same species, but they could only speculate 
as to their origin. One popular theory was that A. maritima evolved on the Delmarva 
Peninsula, and that the population in Oklahoma was established from Delmarva germplasm by 
Native Americans (Stibolt 1981) or by some natural form of long-distance dispersal (see 
Chapter 3). 
Through the work of Furiow ( 1979) and Stibolt ( 1978, 1981 ) it was clearly resolved 
that the two known populations were indeed the same species, and both of these authors added 
to the body of evidence that could be used to decipher the mystery of A. maritima. Both 
Furiow (1979) and Stibolt (1981) proposed that the two populations might have been remnants 
from a larger distribution, but it was Furiow (1979) who first proposed a model for the natural 
history of A. maritima that was based on firm evidence. Furiow (1979) proposed that subg. 
Clethropsis evolved in southern Asia, that A. maritima diverged from other members of 
Clethropsis in Asia, and that ancestors of A. maritima migrated into North America via the 
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Bering land bridge and spread across North America before being forced into the present, 
disjunct distribution (see Chapter 4, Figure 1). Furiow also believed that the population of A. 
maritima on the Delmarva Peninsula was the most recent of the two known populations. He 
proposed that the species migrated to the area of the Delmarva Peninsula from a location 
farther south after the Pleistocene glaciation (Furiow 1979), a period < 22,000 years before the 
present (Dawson 1992; Sibrava et al. 1986). 
In 1997, Brian Dickman, a botanist in Georgia, discovered A. maritima growing in a 
small swamp in northwestern Georgia (see Chapter 3). This discovery provided important 
evidence that would help resolve details in the model explaining the disjunct distribution of A. 
maritima. The Georgia population was discovered approximately halfway between the 
previously known populations (see Chapter 3, Figure I), and although the three populations 
were undoubtedly members of the same species, consistent differences were recognized 
between plants from the three locations (Schrader and Graves 2000). Through the methods of 
numerical taxonomy, we found that the three populations had diverged enough to be 
considered subspecies, and we proposed the subspecific epithets: subsp. oklahomensis for the 
population in Oklahoma; subsp. georgiensis for the population in Georgia; and subsp. 
maritima for the population on the Delmarva Peninsula (see Chapter 3). 
By using the methods of cladistics, we reconstructed the phytogeny of the three 
subspecies of A. maritima based on molecular, morphological, and simultaneous analyses (see 
Chapter 4). The inferred phytogenies revealed that subsp. oklahomensis was the first to 
diverge and was the most primitive of the three subspecies. Subspecies maritima was shown 
to be the most derived of the subspecies (see Chapter 4, Figures 5 and 6), information that 
confirms what Furiow (1979) had suspected even before the discovery of subsp. georgiensis. 
Our molecular analyses also supported the proposed model of divergence and migration by 
showing that A. maritima was the first of the three species to diverge from subg. Clethropsis 
and by showing that the genetic distance between A. maritima and the other to members of 
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Clethropsis is consistent with the proposed long-distance migration of A. maritima into North 
America (see Chapter 4, Table 4 and Figure 4). 
To further explain the peculiar distribution of A maritima, we must return to our 
discussion of the Pleistocene. Furlow's work with the biogeography of Alnus led him to 
believe that A. serrulata, the only species of Alnus with a distribution that overlaps that of A. 
maritima (Appendix C, Figure 1 A), was forced back during the Pleistocene to two widely 
separated localities, the southeastern Atlantic Coastal Plain and the Ozark Highlands of 
Oklahoma and Arkansas (Furiow 1979). Results from our cold-hardiness assessments show 
that genotypes of A. maritima and A. serrulata from the same localities are similar in cold 
hardiness (see Chapter 5). This, along with the presence of A. maritima subsp. georgiensis on 
the southeastern Atlantic Coastal Plain, suggest a similar Pleistocene experience for the two 
species. If A. maritima was forced back to these two regions during the Pleistocene, it is 
possible that the ancestral lineages of subspp. oklahomensis and georgiensis have been 
separated since that time, and that precursors of subsp. maritima migrated northward and onto 
the Delmarva Peninsula after the Pleistocene. This explanation is consistent with our 
morphological and molecular phytogenies of the three subspecies (see Chapter 4). 
But, why is the present distribution of A. maritima limited to three disjunct 
provenances while the distribution of A. serrulata covers most of the northeastern, eastern, and 
southern United States? The cold acclimation and midwinter cold hardiness of A. maritima are 
certainly not characteristic of a species found only in warm areas (see Chapter 5), and, 
therefore, should not be considered as the main factors limiting its distribution. Furiow (1979) 
considers A. maritima to be the most specialized of the New World Alnus species. Many of 
the specialized characteristics of A. maritima that make it the most hydrophilic of all American 
Alnus may have given it an advantage over other pioneer species under the particularly wet 
conditions after glacial recession (Newton et al. 1968, Ugolini 1968). Later, the warmer, drier 
conditions of postglacial North America (Delcourt and Delcourt 1993) and the progression of 
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late-successional tree species may have gradually forced A. maritima into its present, meager 
distribution (see Chapter 3). 
Although not yet tested experimentally, our observations with plants in the wild lead us 
to believe that shade intolerance may be an important factor limiting the distribution of A. 
maritima under the conditions of late succession (see Chapter 3). Along with the poor shade 
tolerance of established plants, another important factor may be low levels of reproduction 
under the same late-succession conditions. After numerous excursions among the natural 
populations of A. maritima, we have yet to discover a single seedling. Although seeds are 
usually viable and can show up to 82% germination (Schrader and Graves 2000), root 
suckering is the only form of reproduction that we have observed in the wild. As a pioneer 
species, it is likely that A. maritima reproduced generously by seed under the conditions of full 
sunlight that accompanied glacial recession (Ugolini 1968), but that seed propagation is limited 
under the shaded conditions of late succession. Schrader (1999) confirms this by showing 
that seedlings establish well under optimal conditions (irradiance > 400 nmol-m V), but that 
shoot development of seedlings is slow during the formation of the first true leaves. Under 
shaded conditions (irradiance <150 pmol-m -'S '), growth is severely retarded at this stage, and 
the seedlings eventually die (Schrader 1999). 
Although we may never know all the factors leading to the disjunct distribution of A. 
maritima, the model described above provides the most plausible explanation for the evidence 
collected thus far. Future study will likely provide even more of the details and bring us to a 
better understanding of the peculiar disjunct distribution of this most rare and unique species 
of Alnus. 
RECOMMENDATIONS FOR FUTURE RESEARCH 
Our knowledge of the systematics of Alnus worldwide is less than adequate because 
the most recent and accurate treatment of the genus is limited to the species found in the New 
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World (Furiow 1979) and because molecular techniques have never been used to resolve the 
infrageneric systematics of Alnus. There is a significant need for a fresh treatment of the 
genus that includes all species worldwide and employs molecular techniques. This work of 
systematics should include a strong assessment of Alnus phytogeny based on molecular 
techniques and modern cladistics analyses, but it should also consider relationships resolved 
by morphological characters and the techniques of numerical taxonomy (see Appendix A). It 
might also be valuable to assess the growth and morphology of all species of Alnus growing 
together in a common garden. Systematics of Alnus based on all of these data may provide a 
treatment that will stand the test of time. 
Because all species of Alnus are actinorhizal plants, the horticultural community may 
benefit from continued research evaluating the landscape potential of under-used species of 
Alnus. Preliminary work with A. nitida suggests that it grows very quickly and displays an 
attractive single-trunked growth habit, but that it lacks the cold hardiness needed to survive in 
central Iowa. The nitrogen-fixing symbioses of Alnus would undoubtedly reduce fertilizer 
consumption, both in the landscape and in the nursery. 
Finally, there is still a need for information concerning the landscape potential of A. 
maritima. Plants in the wild seem to thrive in soils with a wide range of chemical and physical 
characteristics, including soils tow in nitrate, phosphorus, and potassium, and soils with either 
acidic or alkaline pH (see Chapter 3). Plants also grow well under a wide range of climatic 
conditions (see Chapters 3 and 5). Shade intolerance and inadequate resistance to drought 
stress appear to be the most important limiting factors for mature plants, but further research is 
needed to determine if these observations are correct. The unique character and interesting 
physiology of A. maritima testify that it deserves further study and increased use in the 
landscape. Our present evaluations of A. maritima also suggest that genotypes could be 
selected for stress resistance and ornamental qualities, or that plants could be bred to optimize 
their ornamental and physiological potential. 
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APPENDIX A. BIOSYSTEMATICS: THE NEVER-ENDING STORY 
Putting aside, at first, the controversial discussion of Phenetics vs Cladistics in the area 
of plant systematics, let us assume that Cladistics is the best solution for describing the 
relationships between organisms and for classifying them. We are quickly confronted with 
another dilemma in the methodology of Cladistics. Should systematics, especially taxonomy, 
be based on morphology or DNA, phenotype or genotype? 
It seems that a large percentage of Cladists are wanting to turn systematics into a 
molecular science. This seems reasonable. After all, morphology or phenotype can be greatly 
affected by environment, which could skew one's interpretation of the character of an organism. 
A plant in full sunlight, with no competition from another, will grow much differently than a 
plant competing intensely against others for its share of photons. But how could any biologist 
overlook the fact that, although the DNA sequence (the genotype) provides the instructions for 
how an organism should develop and therefore the instructions for what its character should 
be, and although the DNA sequence is not easily affected by environmental variability, it is at 
the phenotypic level that natural selection takes place. The genotype is the ultimate source of 
variation, but this variation is useless for natural selection unless it is expressed in the 
phenotype and unless the expressed phenotypic variation grants some advantage to the 
organism. The importance of phenotype cannot be ignored. 
Still, molecular techniques are now in vogue. Even if one grants the conclusion reached 
in the previous paragraph, we must admit that a large percentage of the present work in 
biosystematics is being done exclusively with molecular techniques. These techniques appear 
to be more objective than using morphological characters because you are characterizing a 
definite sequence in DNA or protein. In DNA sequencing, you are working with a linear 
sequence of A, T, C, or G, and that rigid sequence will not change for that organism any time 
during its lifespan. You can't get much more objective than this. Morphological characters on 
the other hand, are much more plastic. The morphology of organisms changes continuously 
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throughout their life cycle. Surely the greater objectivity accomplished by molecular evidence 
would be a strong enough reason for one's methods to be molecular techniques alone. 
But we must address the shortcomings of all molecular approaches now in use. Every 
one of the present molecular techniques fall decidedly short of characterizing the entire 
genotype of an organism. All of the present molecular techniques screen the genome or 
portions of the genome for genotypic differences that will allow us to reconstruct a phytogeny 
or provide the evidence for taxonomic classification. Many of these techniques purposely 
target regions in the genome that are not expressed. In some respects use of every available 
molecular technique is like trying to describe an elephant by only looking at it through a 
microscope. 
Of course there is a very strong possibility that future technology will allow biologists 
to sequence the entire genome of every organism that they wish to describe or classify. At this 
level, the molecular evidence for describing each organism would be complete and objective. 
We will have the objectivity of the entire rigid linear sequence of DNA for each organism that 
can be numerically and statistically compared with the sequences of all other organisms. 
Systematics will be as logical and unbiased as mathematics. But even at such a level, would 
molecular systematics be describing the true character of the organisms and the relationships 
between them? Even though these genomic sequences would numerically account for all of the 
linear information recorded for the organism, the sequences themselves cannot describe the 
relative importance of each base pair in the sequence. For example, a one-base-pair change in 
one portion of a genome can be much more important than a one-base-pair change in another 
portion of the genome. But one would expect that while the technology is developing that will 
allow the sequencing of entire genomes of organisms, biologists would also be investigating 
the importance of the genotypic base-pair changes in the organisms, rating their importance, 
and would simply factor these ratings into the equations. This would probably be true, but 
then we would be factoring subjective information back into our wholly objective data set, 
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causing it to lose its objectivity. To compound the problem, we would need to apply this type 
of subjective rating of importance to the sequence differences between different organisms at 
different hierarchical levels. How could a biologist objectively rate the importance of a base-
pair change in one kind of organism as compared to the importance of the same type of change 
in another kind of organism? Similar DNA sequence changes in different organisms would 
still manifest a different level of importance in each of the organisms. The complexity of the 
task becomes immense, and for all practical purposes, impossible. In fact, the problem really 
seems to increase the further we try to refine the molecular approach as the exclusive method in 
systematics. 
So, what is the solution? First we must realize that systematics will always be a 
discipline that is both an art and a science. There will always be some level of subjectivity that 
will hopefully be handled professionally by workers who truly care about the importance of 
systematics. Second, we must realize that no level of molecular evidence can replace or negate 
the importance of the morphological characteristics of organisms. The genotype is the 
blueprint, but the phenotype is the most profound statement of what an organism truly is. 
Finally, we must grant that biosystematics is a never ending story that will continue to be 
written and rewritten as our perceptions of living things change and develop through time. 
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APPENDIX B. HERBARIUM SPECIMENS COLLECTED FOR THE 
INFRASPECIFIC SYSTEMATICS OF ALNUS MARITIMA 
University of Georgia (GA), Athens, GA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schroder & W.R. Graves. 
Oklahoma. 
Just north of Connerville, OK. in Johnston Co. 
Small sandy island in Blue River, 100 meters west 
of Hwy 377 (99). Rapid flowing water. 
Tree height: 3.48m. 
GPS Lat: 34°27' 14.42" N. Long: 96=38' 11.49" W. 
Elevation: 970 ft. 
James A. Schrader I 22 Aug. 2000 
University of North Carolina (NCU), 
Chapel Hill, NC. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
1.5 miles (2.42 km) north of Reagan, OK, in 
Johnston Co. North bank of Pennington Creek. 
Cattle pasture. Slow flowing water. Roots 
completely submerged in water. Tree height: 4.17m. 
GPS Lat: 34=22' 13.54" N, Long: 96=43' 14.00" W. 
Elevation: 900 ft. 
James A Schrader 4 22 Aug. 2000 
University of Maryland (MARY), 
College Park, MD. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
Just north of Connerville, OK, in Johnston Co. 
Small sandy island in Blue River, 100 meters west 
of Hwy 377 (99). Rapid flowing water. 
Tree height: 4.39m. 
GPS Lat: 34=27' 14.42" N, Long: 96=38' 11.49" W. 
Elevation: 970 ft. 
James A. Schrader 2 22 Aug. 2000 
Miami University (MU), Oxford, OH. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
1.5 miles (2.42 km) north of Reagan. OK, in 
Johnston Co. North bank of Pennington Creek. 
Cattle pasture. Slow flowing water. 
Tree height: 7.72m. 
GPS Lat: 34=22' 13.54 " N. Long: 96=43' 14.00" W. 
Elevation: 900 ft. 
James A. Schrader 5 22 Aug. 2000 
Delaware State University (DOV), 
Dover, DE. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
1.5 miles (2.42 km) north of Reagan, OK, in 
Johnston Co. North bank of Pennington Creek. 
Cattle pasture. Slow flowing water. Tree height: 
5.33m. 
GPS Lat: 34=22' 13.54" N, Long: 96=43' 14.00" W. 
Elevation: 900 ft 
James A. Schrader 3 22 Aug. 2000 
New York Botanical Garden (NY), 
New York, NY. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
6.0 miles (9.7 km) northwest of Tishomingo, OK. 
in Johnston Co. South bank of Pennington Creek at 
Reagan Rd. 20 meters west of the cement bridge. 
Rocky and sandy creek bed. Tree height: 6.38m. 
GPS Lat: 34=19' 19.07" N, Long: 96=42 21.03" W. 
Elevation: 820 ft. 
James A. Schrader 6 22 Aug. 2000 
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University of California (UC), 
Berkley, CA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
6.0 miles (9.7 km) northwest of Tishomingo, OK. in 
Johnston Co. South bank of Pennington Creek at 
Reagan Rd. 20 meters west of the cement bridge. 
Rocky and sandy creek bed. Tree height: 2.72m. 
GPS Lat: 34° 19* 19.07" N, Long: 96°42'21.03" W. 
Elevation: 820 ft. 
James A. Schrader 7 22 Aug. 2000 
Field Museum of Natural History (F), 
Chicago, IL. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
6.0 miles (9.7 km) northwest of Tishomingo, OK. 
in Johnston Co. South bank of Pennington Creek at 
Reagan Rd. 20 meters west of the cement bridge. 
Rocky and sandy creek bed. Tree height: 3.63m. 
GPS Lat: 34° 19' 19.07" N, Long: 96°42'21.03" W. 
Elevation: 820 ft. 
James A. Schrader 10 22 Aug. 2000 
University of Wisconsin (WIS), 
Madison, WI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
6.0 miles (9.7 km) northwest of Tishomingo, OK. in 
Johnston Co. South bank of Pennington Creek at 
Reagan Rd. 20 meters west of the cement bridge. 
Rocky and sandy creek bed. Tree height: 5.09m. 
GPS Lat: 34° 19' 19.07" N, Long: 96°42'21.03" W. 
Elevation: 820 ft. 
James A. Schrader 8 22 Aug. 2000 
University of Kansas (KANU), 
Lawrence, KS. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
6.5 miles (10.5 km) northwest of Tishomingo. OK. 
in Johnston Co. North bank of Reagan Branch 
Creek at Sawmill Rd. Creek bed was dry, but water 
15 cm below soil surface. Tree height: 3.68m. 
GPS Lat: 34° 19 45.08 " N, Long: 96°42*52.35" W. 
Elevation: 850 ft. 
James A. Schrader 11 22 Aug. 2000 
Oklahoma State University (OKLA), 
Stillwater, OK. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
6.0 miles (9.7 km) northwest of Tishomingo, OK. in 
Johnston Co. South bank of Pennington Creek at 
Reagan Rd. 20 meters west of the cement bridge. 
Rocky and sandy creek bed. Tree height: 4.45m. 
GPS Lat: 34° 19* 19.07" N, Long: 96°42'21.03" W. 
Elevation: 820 ft. 
James A. Schrader 9 22 Aug. 2000 
University of Arkansas (UARK), 
Fayetteville, AR. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
6.5 miles ( 10.5 km) northwest of Tishomingo, OK. 
in Johnston Co. North bank of Reagan Branch 
Creek at Sawmill Rd. Creek bed was dry. but water 
15 cm below soil surface. Tree height: 7.11m. 
GPS Lat: 34° 19*45.08" N, Long: 96°42'52.35" W. 
Elevation: 850 fL 
James A. Schrader 12 22 Aug. 2000 
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University of Michigan (MICH), 
Ann Arbor, MI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
4.0 miles (6.44 km) northwest of Tishomingo, OK. 
in Johnston Co. Pennington Creek at Slippery Falls 
Boy Scout Camp. Numerous plants present. 
Tree height: 7.24m. 
GPS Lat: 34= 18'09.94" N, Long: 96=42' 14.14" W. 
Elevation: 780 ft. 
James A. Schrader 13 22 Aug. 2000 
University of Texas (TEX), Austin, TX. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
1 mile (1.61 km) north of Tishomingo, OK, in 
Johnston Co. West bank of Pennington Creek at 
Tishomingo Municipal Golf Course. Tree canopy 
extending out over the water. Tree height: 3.73m. 
GPS Lat: 34=15 22.13" N, Long: 96=41 00.26 " W. 
Elevation: 660 ft. 
James A. Schrader 16 22 Aug. 2000 
California Academy of Sciences (CAS), 
San Francisco, CA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
4.0 miles (6.44 km) northwest of Tishomingo, OK. 
in Johnston Co. Pennington Creek at Slippery Falls 
Boy Scout Camp. Numerous plants present. 
Tree height: 5.08m. 
GPS Lat: 34=18*09.94" N, Long: 96=42'14.14" W. 
Elevation: 780 ft. 
James A. Schrader 14 22 Aug. 2000 
University of Oklahoma (OKL), Norman, 
OK. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
1 mile (1.61 km) north of Tishomingo, OK, in 
Johnston Co. West bank of Pennington Creek at 
Tishomingo Municipal Golf Course. Tree canopy 
extending out over the water. Tree height: 4.19m. 
GPS Lat: 34°15'22.13" N. Long: 96=41 00.26 " W. 
Elevation: 660 ft. 
James A. Schrader 17 22 Aug. 2000 
Cornell University (BH), Ithaca, NY. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
4.0 miles (6.44 km) northwest of Tishomingo, OK. 
in Johnston Co. Pennington Creek at Slippery Falls 
Boy Scout Camp. Numerous plants present. 
Tree height: 4.04m. 
GPS Lat: 34=18 09.94 " N, Long: 96=42' 14.14" W. 
Elevation: 780 ft. 
James A. Schrader 15 22 Aug. 2000 
Arkansas State University (STAR), 
Jonesboro, AR. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
1 mile (1.61 km) north of Tishomingo, OK, in 
Johnston Co. West bank of Pennington Creek at 
Tishomingo Municipal Golf Course. Tree canopy 
extending out over the water. Tree height: 4.16m. 
GPS Lat: 34°15'22.13" N, Long: 96=41 00.26 " W. 
Elevation: 660 ft. 
James A. Schrader 18 22 Aug. 2000 
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Rancho Santa Ana Botanic Garden (RSA), 
Claremont, CA. 
Alnus maritima (Marsh) Muhl. ex Nutt 
subsp. oklahomensis J .A. Schrader & W.R. Graves. 
Oklahoma. 
1.3 miles (2.09 km) north of Tishomingo, OK, in 
Johnston Co. West bank of Cedar Creek, north side 
of Golf Course Rd. Erosion, tree roots exposed, 
creek bed was dry. Tree height: 3.78m. 
GPS Lat: 34=15*38.06" N, Long: 96=41*00.67" W. 
Elevation: 670 ft. 
James A. Schrader 19 23 Aug. 2000 
Michigan State University (MSC), 
East Lansing, MI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
7.0 miles (11.26 km) northeast of Tishomingo, OK, 
in Johnston Co. Southwest side of Blue River at the 
southeast end of Blue River Campground. 
Tree height: 3.40m. 
GPS Lat: 34° 19*04.69" N, Long: 96=35*08.67" W. 
Elevation: 710 ft. 
James A. Schrader 22 23 Aug. 2000 
Florida Museum of Natural History 
(FLAS), Gainesville, FL. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
1.3 miles (2.09 km) north of Tishomingo, OK, in 
Johnston Co. West bank of Cedar Creek, north side 
of Golf Course Rd. Erosion, tree roots exposed, 
creek bed was dry. Tree height: 4.45m. 
GPS Lat: 34=15*38.06 * N, Long: 96=41*00.67 * W. 
Elevation: 670 ft. 
James A. Schrader 20 23 Aug. 2000 
Southeastern Oklahoma State Univ. 
(DUR), Durant, OK. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
7.0 miles (11.26 km) northeast of Tishomingo, OK, 
in Johnston Co. Island in Blue River surrounded by 
granite falls, at the southeast end of Blue River 
Campground. Tree height: 5.92m. 
GPS Lat: 34=19*07.32" N, Long: 96=35*24.75" W. 
Elevation: 720 ft. 
James A. Schrader 23 23 Aug. 2000 
Ohio State University (OS), 
Columbus, OH. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
7.0 miles (11.26 km) northeast of Tishomingo, OK, 
in Johnston Co. Southwest side of Blue River at the 
southeast end of Blue River Campground. 
Tree height: 3.64m. 
GPS Lat: 34° 19*04.69" N, Long: 96=35*08.67* W. 
Elevation: 710 ft. 
James A. Schrader 21 23 Aug. 2000 
Kansas State University (KSC), 
Manhattan, KS. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
7.0 miles (11.26 km) northeast of Tishomingo, OK, 
in Johnston Co. Island in Blue River surrounded by 
granite falls, at the southeast end of Blue River 
Campground. Tree height: 4.90m. 
GPS Lat: 34=19*0732" N. Long: 96=35*24.75" W. 
Elevation: 720 ft. 
James A. Schrader 24 23 Aug. 2000 
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Iowa Stale University (ISC), Ames, IA. 
TYPE SPECIMEN: HOLOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles (12.07 km) northeast of Tishomingo, OK, 
in Johnston Co. Center of Blue River Campground. 
On the west bank of Blue River just north of cement 
bridge. Tree height: 5.92m. 
GPS Lat: 34° 19* 17.88" N. Long: 96=35*44.79" W. 
Elevation: 730 ft. 
James A. Schrader 25 23 Aug. 2000 
United States National Arboretum (NA), 
Washington DC. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles (12.07 km) northeast of Tishomingo, OK, 
in Johnston Co. Center of Blue River Campground. 
On the west bank of Blue River just north of cement 
bridge. Tree height: 5.92m. 
GPS Lat: 34=19*17.88" N, Long: 96=35*44.79" W. 
Elevation: 730 ft. 
James A. Schrader 25 23 Aug. 2000 
Smithsonian Institution (US), 
Washington DC. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles (12.07 km) northeast of Tishomingo, OK, 
in Johnston Co. Center of Blue River Campground. 
On the west bank of Blue River just north of cement 
bridge. Tree height: 5.92m. 
GPS Lat: 34° 19* 17.88" N, Long: 96=35*44.79 * W. 
Elevation: 730 ft. 
James A. Schrader 25 23 Aug. 2000 
Missouri Botanical Garden (MO), 
St. Louis, MO. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles (12.07 km) northeast of Tishomingo. OK. 
in Johnston Co. Center of Blue River Campground. 
On the west bank of Blue River just north of cement 
bridge. Tree height: 5.92m. 
GPS Lat: 34=19'17.88" N, Long: 96=35*44.79" W. 
Elevation: 730 ft. 
James A. Schrader 25 23 Aug. 2000 
Arnold Arboretum, Harvard University (A), 
Cambridge, MA. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles (12.07 km) northeast of Tishomingo, OK, 
in Johnston Co. Center of Blue River Campground. 
On the west bank of Blue River just north of cement 
bridge. Tree height: 5.92m. 
GPS Lat: 34= 19*17.88" N. Long: 96=35*44.79" W. 
Elevation: 730 ft. 
James A. Schrader 25 23 Aug. 2000 
University of Oklahoma (OKL), 
Norman, OK. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis S.A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles ( 12.07 km) northeast of Tishomingo, OK, 
in Johnston Co. Center of Blue River Campground. 
On the west bank of Blue River just north of cement 
bridge. Tree height: 5.92m. 
GPS Lat: 34=19* 17.88" N. Long: 96=35*44.79" W. 
Elevation: 730 ft. 
James A. Schrader 25 23 Aug. 2000 
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University oi Louisiana at Monroe (NLU), 
Monroe, LA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles (12.07 km) northeast of Tishomingo, OK, 
in Johnston Co. Center of Blue River Campground. 
On the west bank of Blue River just north of cement 
bridge. Tree height: 6.12m. 
GPS Lat: 34° 19' 17.88" N, Long: 96=35 44.79" W. 
Elevation: 730 ft. 
James A. Schrader 26 23 Aug. 2000 
University of South Carolina (USCH), 
Columbia, SC. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles (12.07 km) northeast of Tishomingo, OK, 
in Johnston Co. Center of Blue River Campground. 
On the east bank of Blue River just north of cement 
bridge. Tree height: 6.99m. 
GPS Lat: 34=19' 16.09" N, Long: 96=35 44.69" W. 
Elevation: 730 ft. 
James A. Schrader 29 23 Aug. 2000 
University of Massachusetts (MASS), 
Amherst, MA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles (12.07 km) northeast of Tishomingo, OK, 
in Johnston Co. Center of Blue River Campground. 
On the west bank of Blue River just south of cement 
bridge. Tree height: 5.64m. 
GPS Lat: 34° 19' 17.88" N, Long: 96=35 44.79" W. 
Elevation: 730 ft. 
James A. Schrader 27 23 Aug. 2000 
Oregon State University (OSC), 
Corvallis, OR. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
8.0 miles (12.87 km) northeast of Tishomingo. OK, 
in Johnston Co. North end of Blue River 
Campground. On the west bank of Blue River. Tree 
height: 4.17m. 
GPS Lat: 34=20 02.70" N, Long: 96=35*40.88" W. 
Elevation: 770 ft. 
James A. Schrader 30 23 Aug. 2000 
University of Missouri (UMO), 
Columbia, MO. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
7.5 miles (12.07 km) northeast of Tishomingo, OK, 
in Johnston Co. Center of Blue River Campground. 
On the east bank of Blue River just north of cement 
bridge. Tree height: 5.38m. 
GPS Lat: 34=19' 16.09" N, Long: 96=35*44.69" W. 
Elevation: 730 ft. 
James A. Schrader 28 23 Aug. 2000 
Carnegie Museum of Natural History 
(CM), Pittsburgh, PA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
8.0 miles (12.87 km) northeast of Tishomingo. OK. 
in Johnston Co. North end of Blue River 
Campground. On the west bank of Blue River. Tree 
height: 7.59m. 
GPS Lat: 34=20*02.70" N, Long: 96=35*40.88" W. 
Elevation: 770 ft. 
James A. Schrader 31 23 Aug. 2000 
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Louisiana Tech University (LTU), 
Ruston, LA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
8.5 miles (13.68 km) northeast of Tishomingo, OK, 
in Johnston Co. North end of Blue River 
Campground. On the west bank of Blue River. Tree 
height: 6.99m. 
GPS Lat: 34=20 04.54" N, Long: 96=35 40.95" W. 
Elevation: 780 ft. 
James A. Schrader 32 23 Aug. 2000 
Texas A&M University (TAMU), 
College Station, TX. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
9.5 miles (15.29 km) northeast of Tishomingo, OK, 
in Johnston Co. On the east bank of Blue River. 
300 meters south of Hwy 7. Tree height: 4.06m. 
GPS Lat: 34=21*36.73" N, Long: 96=35*26.18" W. 
Elevation: 850 ft. 
James A. Schrader 35 23 Aug. 2000 
Botanical Research Institute of Texas 
(BRIT), Fort Worth, TX. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
8.5 miles (13.68 km) northeast of Tishomingo, OK, 
in Johnston Co. North end of Blue River 
Campground. On the west bank of Blue River. Tree 
height: 6.96m. 
GPS Lat: 34=20*04.54" N, Long: 96=35*40.95 * W. 
Elevation: 780 ft. 
James A. Schrader 33 23 Aug. 2000 
Royal Botanic Gardens (K), Kew, 
England, U.K. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
10 miles (16.09 km) northeast of Tishomingo, OK, 
in Johnston Co. On the east bank of Blue River. 
200 meters north of Hwy 7. Tree height: 7.09m. 
GPS Lat: 34=21*47.04" N. Long: 96=35*22.46 " W. 
Elevation: 850 ft. 
James A. Schrader 36 23 Aug. 2000 
University of Wisconsin (OSH), 
Oshkosh, WI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
9.5 miles (15.29 km) northeast of Tishomingo, OK, 
in Johnston Co. On the east bank of Blue River. 
300 meters south of Hwy 7. Tree height: 4.42m. 
GPS Lat: 34=21*36.73" N, Long: 96=35*26.18" W. 
Elevation: 850 ft. 
James A. Schrader 34 23 Aug. 2000 
Iowa State University (ISC), Ames, IA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
10 miles (16.09 km) northeast of Tishomingo, OK. 
in Johnston Co. On the east bank of Blue River. 
200 meters north of Hwy 7. Tree height: 9.40m. 
GPS Lat: 34=21 "47.04" N, Long: 96=35 22.46" W. 
Elevation: 850 ft. 
James A. Schrader 37 23 Aug. 2000 
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Iowa State University (ISC), Ames, IA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
10 miles (16.09 km) northeast of Tishomingo, OK, 
in Johnston Co. On an island toward the east side of 
Blue River. 300 meters north of Hwy 7. 
Tree height: 9.50m. 
GPS Lat: 34=21'49.75" N. Long: 96=35 23.15 " W. 
Elevation: 860 ft. 
James A. Schrader 38 24 Aug. 2000 
University of Oklahoma (OKL), 
Norman, OK. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA. in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 110 meters 
east of Harden Bridge Rd. Tree height: 5.0m. 
GPS Lat: 34=07'44.41" N. Long: 84°56'51.4l" W. 
Elevation: 680 ft. 
James A. Schrader 41 30 Aug. 2000 
Iowa State University (ISC), Ames, IA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
10 miles (16.09 km) northeast of Tishomingo, OK, 
in Johnston Co. On an island toward the east side of 
Blue River. 300 meters north of Hwy 7. 
Tree height: 7.49m. 
GPS Lat: 34=21 *49.75" N, Long: 96=35 23.15" W. 
Elevation: 860 ft. 
James A. Schrader 39 24 Aug. 2000 
University of Maryland (MARY), 
College Park, MD. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 110 meters 
east of Harden Bridge Rd. Tree height: 7.95m. 
GPS Lat: 34=07 44.41" N, Long: 84°56'51.41" W. 
Elevation: 680 ft. 
James A. Schrader 42 30 Aug. 2000 
Iowa State University (ISC), Ames, IA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. oklahomensis J.A. Schrader & W.R. Graves. 
Oklahoma. 
1 mile (1.61 km) south of Pontotoc, OK, in 
Johnston Co. On the north side of a spring fed 
tributary of Little Blue River. Just south of Little 
Blue River, on the east side of Hwy 377. 
Tree height: 5.21m. 
GPS Lat: 34=29 08.84" N, Long: 96°37'34.90" W. 
Elevation: 1000 ft. 
James A. Schrader 40 24 Aug. 2000 
Delaware State University (DOV), 
Dover, DE. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 110 meters 
east of Harden Bridge Rd. Tree height: 6.35m. 
GPS Lat: 34=07'44.41" N, Long: 84=56*51.41" W. 
Elevation: 680 ft. 
James A. Schrader 43 30 Aug. 2000 
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University oi North Carolina (NCU), 
Chapel Hill, NC. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 110 meters 
east of Harden Bridge Rd. Tree height: 7.16m. 
GPS Lat: 34°07'44.4l" N, Long: 84=56*51.41" W. 
Elevation: 680 ft. 
James A. Schrader 44 30 Aug. 2000 
Miami University (MU), Oxford, OH. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 80 meters east 
of Harden Bridge Rd. Tree height: 7.13m. 
GPS Lat: 34=07*44.39" N, Long: 84°56'52.59" W. 
Elevation: 680 ft. 
James A. Schrader 45 30 Aug. 2000 
New York Botanical Garden (NY), 
New York, NY. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 80 meters east 
of Harden Bridge Rd. Tree height: 6.22m. 
GPS Lat: 34°07'44.39" N, Long: 84°56*52J9" W. 
Elevation: 680 ft. 
University oi California (UC), 
Berkley, CA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 80 meters 
east of Harden Bridge Rd. Tree height: 6.55m. 
GPS Lat: 34=07 44.39" N, Long: 84°56'52.59" W. 
Elevation: 680 ft. 
James A. Schrader 47 30 Aug. 2000 
University oi Wisconsin (WIS), 
Madison, WI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee G A. in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 80 meters 
east of Harden Bridge Rd. Tree height: 7.90m. 
GPS Lat: 34=07*44.39" N. Long: 84=56*52.59" W. 
Elevation: 680 ft. 
James A. Schrader 48 30 Aug. 2000 
Iowa State University (ISC), Ames, IA. 
TYPE SPECIMEN: HOLOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis S.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters 
east of Harden Bridge Rd. Tree height: 6.17m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 46 30 Aug. 2000 James A. Schrader 49 30 Aug. 2000 
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Smithsonian Institution (US), 
Washington DC. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters east 
of Harden Bridge Rd. Tree height: 6.17m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 49 30 Aug. 2000 
Missouri Botanical Garden (MO), 
St. Louis, MO. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters 
east of Harden Bridge Rd. Tree height: 6.17m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 49 30 Aug. 2000 
Arnold Arboretum, Harvard University 
(A), Cambridge, MA. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters east 
of Harden Bridge Rd. Tree height: 6.17m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 49 30 Aug. 2000 
University of Georgia (GA), 
Athens, GA. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters 
east of Harden Bridge Rd. Tree height: 6.17m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 49 30 Aug. 2000 
United States National Arboretum (NA), 
Washington DC. 
TYPE SPECIMEN: ISOTYPE 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters east 
of Harden Bridge Rd. Tree height: 6.17m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 49 30 Aug. 2000 
Oklahoma State University (OKLA), 
Stillwater, OK. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters 
east of Harden Bridge Rd. Tree height: 6.99m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 50 30 Aug. 2000 
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Field Museum of Natural History (F), 
Chicago, IL. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee G A, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters east 
of Harden Bridge Rd. Tree height: 8.46m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 51 30 Aug. 2000 
University of Michigan (MICH), 
Ann Arbor, MI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Southeast end of Drummond Swamp. 3 meters 
west of Harden Bridge Rd. Tree roots completely 
submerged in water. Tree height: 4.09m. 
GPS Lat: 34=07*42.97" N, Long: 84=56*56.99" W. 
Elevation: 680 ft. 
James A. Schrader 54 30 Aug. 2000 
University of Kansas (KANU), 
Lawrence, KS. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters east 
of Harden Bridge Rd. Tree height: 6.78m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 52 30 Aug. 2000 
California Academy of Sciences (CAS), 
San Francisco, CA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee G A, in Bartow 
Co. Southeast end of Drummond Swamp. 5 meters 
west of Harden Bridge Rd. Tree roots completely 
submerged in water. Tree height: 3.45m. 
GPS Lat: 34=07*42.97" N. Long: 84=56*56.99 " W. 
Elevation: 680 ft. 
James A. Schrader 55 30 Aug. 2000 
University of Arkansas (UARK), 
Fayetteville, AR. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. South side of creek that drains Drummond 
Swamp, at the east end of the swamp. 25 meters east 
of Harden Bridge Rd. Tree height: 7.04m. 
GPS Lat: 34=07*44.82" N, Long: 84=56*55.24" W. 
Elevation: 680 ft. 
James A. Schrader 53 30 Aug. 2000 
Cornell University (BH), Ithaca, NY. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA. in Bartow 
Co. Northwest end of Drummond Swamp. 20 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
6.29m. 
GPS Lat: 34=08*839" N, Long: 84=57*30.78" W. 
Elevation: 680 ft. 
James A. Schrader 56 30 Aug. 2000 
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University of Texas (TEX), Austin, TX. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee G A, in Bartow 
Co. Northwest end of Drummond Swamp. 20 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
7.06m. 
GPS Lat: 34=08 8.39" N, Long: 84=5730.78" W. 
Elevation: 680 ft. 
James A. Schrader 57 30 Aug. 2000 
Rancho Santa Ana Botanic Garden (RSA), 
Claremont, CA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee G A, in Bartow 
Co. Northwest end of Drummond Swamp. 20 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 6.99m. 
GPS Lat: 34=08*8.39" N. Long: 84=57'30.78" W. 
Elevation: 680 ft. 
James A. Schrader 60 30 Aug. 2000 
University of Georgia (GA), Athens, GA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 20 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 7.82m. 
GPS Lat: 34=08'8.39" N, Long: 84=57'30.78" W. 
Elevation: 680 ft. 
James A. Schrader 58 30 Aug. 2000 
Florida Museum of Natural History 
(FLAS), Gainesville, FL. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 30 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
7.42m. 
GPS Lat: 34=08'7.16" N, Long: 84=57'30.83" W. 
Elevation: 680 ft. 
James A. Schrader 61 30 Aug. 2000 
Arkansas State University (STAR), 
Jonesboro, AR. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 20 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 7.70m. 
GPS Lat: 34=08 8.39" N, Long: 84=57*30.78" W. 
Elevation: 680 ft. 
James A. Schrader 59 30 Aug. 2000 
Ohio State University (OS), 
Columbus, OH. 
Alnus mariiima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis S.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA. in Bartow 
Co. Northwest end of Drummond Swamp. 30 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
7.85 m. 
GPS Lat: 34=08 7.16" N, Long: 84=57'30.83" W. 
Elevation: 680 ft. 
James A. Schrader 62 30 Aug. 2000 
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Michigan Slate University (MSC), 
East Lansing, MI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 30 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
6.30m. 
GPS Lat: 34°08'7.16" N, Long: 84=57*30.83" W. 
Elevation: 680 ft. 
James A. Schrader 63 30 Aug. 2000 
University of Louisiana at Monroe 
(NLU), Monroe, LA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 35 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 6.76m. 
GPS Lat: 34=08 06.41" N, Long: 84=5730.80" W. 
Elevation: 680 ft. 
James A. Schrader 66 30 Aug. 2000 
Southeastern Oklahoma State Univ. 
(DUR), Durant, OK. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 30 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 8.10m. 
GPS Lat: 34=08*7.16" N. Long: 84=57'30.83" W. 
Elevation: 680 ft. 
James A. Schrader 64 30 Aug. 2000 
University of Massachusetts (MASS), 
Amherst, MA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 35 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
5.41m. 
GPS Lat: 34=08 06.41" N. Long: 84=57'30.80" W. 
Elevation: 680 ft. 
James A. Schrader 67 30 Aug. 2000 
Kansas State University (KSC), 
Manhattan, KS. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 30 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 9.47m. 
GPS Lat: 34=08'7.16" N, Long: 84=57'30.83" W. 
Elevation: 680 ft. 
James A. Schrader 65 30 Aug. 2000 
University of Missouri (UMO), 
Columbia, MO. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA. in Bartow 
Co. Northwest end of Drummond Swamp. 35 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
7.24m. 
GPS Lat: 34=08*06.41" N, Long: 84=57*30.80" W. 
Elevation: 680 ft. 
James A. Schrader 68 30 Aug. 2000 
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University of South Carolina (USCH), 
Columbia, SC. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis S.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA. in Bartow 
Co. Northwest end of Drummond Swamp. 35 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
7.77m. 
GPS Lat: 34=08'06.4l" N. Long: 84=57'30.80" W. 
Elevation: 680 ft. 
James A. Schrader 69 30 Aug. 2000 
Louisiana Tech University (LTU), 
Ruston, LA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 40 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 7.06m. 
GPS Lat: 34=08'06.03" N, Long: 84=57'30.82" W. 
Elevation: 680 ft. 
James A. Schrader 72 30 Aug. 2000 
Oregon State University (OSC), 
Corvallis, OR. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis S.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 35 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 6.05m. 
GPS Lat: 34=08 06.41" N. Long: 84=57'30.80" W. 
Elevation: 680 ft. 
James A. Schrader 70 30 Aug. 2000 
Botanical Research Institute of Texas 
(BRIT), Fort Worth, TX. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis S.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 40 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
6.83m. 
GPS Lat: 34=08 06.03" N, Long: 84=57'30.82" W. 
Elevation: 680 ft. 
James A. Schrader 73 30 Aug. 2000 
Carnegie Museum of Natural History 
(CM), Pittsburgh, PA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis S.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA. in Bartow 
Co. Northwest end of Drummond Swamp. 40 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 7.16m. 
GPS Lat: 34=08 06.03 " N, Long: 84=57'30.82" W. 
Elevation: 680 ft. 
James A. Schrader 71 30 Aug. 2000 
University of Wisconsin (OSH), 
Oshkosh, WI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 40 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
6.48m. 
GPS Lat: 34=08 06.03" N, Long: 84=57'30.82" W. 
Elevation: 680 ft. 
James A. Schrader 74 30 Aug. 2000 
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Texas A&M University (TAMU), 
College Station, TX. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee G A, in Bartow 
Co. Northwest end of Drummond Swamp. 40 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
4.47m. 
GPS Lat: 34=08 06.03" N, Long: 84=57*30.82" W. 
Elevation: 680 ft. 
James A. Schrader 75 30 Aug. 2000 
Iowa State University (ISC), Ames, I A. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis JA. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 50 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 7.77m. 
GPS Lat: 34=08*05.20" N, Long: 84=57*30.73" W. 
Elevation: 680 ft. 
James A. Schrader 78 30 Aug. 2000 
Royal Botanic Gardens (K), Kew, 
England, U.K. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA. in Bartow 
Co. Northwest end of Drummond Swamp. 50 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 7.65m. 
GPS Lat: 34=08 05.20" N, Long: 84=5730.73" W. 
Elevation: 680 ft. 
James A. Schrader 76 30 Aug. 2000 
Iowa State University (ISC), Ames, IA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 50 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
6.65m. 
GPS Lat: 34=08*05.20" N. Long: 84=57*30.73" W. 
Elevation: 680 ft. 
James A. Schrader 79 30 Aug. 2000 
Iowa State University (ISC), Ames, IA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis J.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA. in Bartow 
Co. Northwest end of Drummond Swamp. 50 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of swamp. Tree height: 5.56m. 
GPS Lat: 34=08*05.20" N, Long: 84=57*30.73" W. 
Elevation: 680 ft. 
James A. Schrader 77 30 Aug. 2000 
Iowa State University (ISC), Ames, IA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. georgiensis S.A. Schrader & W.R. Graves. 
Georgia. 
0.5 miles (0.81 km) SW of Euharlee GA, in Bartow 
Co. Northwest end of Drummond Swamp. 50 
meters east of Bill Nelson Rd. Located in cattle 
pasture on the edge of the swamp. Tree height: 
6.91m. 
GPS Lat: 34=08*05.20" N, Long: 84=57*30.73" W. 
Elevation: 680 ft. 
James A. Schrader 80 30 Aug. 2000 
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University of Oklahoma (OKL), 
Norman, OK. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
2.5 miles (4.0 km) west of Snow Hill, MD, in 
Worcester Co. Northeast side of Nassawango Creek, 
on the east side of Nassowango Rd. Plants in poor 
health. Tree height: 3.73m. 
GPS Lat: 38=10 06.09" N. Long: 75°26'02.55" W. 
Elevation: 10 ft. 
James A. Schrader 81 01 Sept. 2000 
University of North Carolina (NCU), 
Chapel Hill, NC. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
2.5 miles (4.0 km) west of Snow Hill, MD, in 
Worcester Co. Northeast side of Nassawango Creek, 
on the east side of Nassowango Rd. Plants in poor 
health. Tree height: 4.60m. 
GPS Lat: 38=10*06.09" N. Long: 75=26*02.55" W. 
Elevation: 10 ft. 
James A. Schrader 84 01 Sept. 2000 
University of Georgia (GA), Athens, GA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
2.5 miles (4.0 km) west of Snow Hill, MD, in 
Worcester Co. Northeast side of Nassawango Creek, 
on the east side of Nassowango Rd. Plants in poor 
health. Tree height: 3.84m. 
GPS Lat: 38=10 06.09" N, Long: 75=26 02.55" W. 
Elevation: 10 ft. 
James A. Schrader 82 01 Sept. 2000 
Iowa State University (ISC), Ames, IA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
East side of Salisbury, MD, in Wicomico Co. 
South side of N. Park Drive, north side of Shumaker 
Pond (Beaverdam Creek). Plants in excellent 
condition. Tree height: 5.69m. 
GPS Lat: 38=21*09.19" N, Long: 75=34* 14.59" W. 
Elevation: 20 ft. 
James A. Schrader 85 01 Sept. 2000 
University of Maryland (MARY), 
College Park, MD. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
2.5 miles (4.0 km) west of Snow Hill, MD, in 
Worcester Co. Northeast side of Nassawango Creek, 
on the east side of Nassowango Rd. Plants in poor 
health. Tree height: 4.47m. 
GPS Lat: 38=10 06.09" N, Long: 75=26*02.55" W. 
Elevation: 10 ft. 
James A. Schrader 83 01 Sept. 2000 
Smithsonian Institution (US), 
Washington DC 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
East side of Salisbury, MD, in Wicomico Co. 
South side of N. Park Drive, north side of Shumaker 
Pond (Beaverdam Creek). Plants in excellent 
condition. Tree height: 4.17m. 
GPS Lat: 38=21*09.19" N, Long: 75=34* 14.59" W. 
Elevation: 20 ft. 
James A. Schrader 86 01 Sept. 2000 
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Arnold Arboretum, Harvard University 
(A), Cambridge, MA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
East side of Salisbury, MD, in Wicomico Co. South 
side of N. Park Drive, north side of Shumaker Pond 
(Beaverdam Creek). Plants in excellent condition. 
Tree height: 4.78m. 
GPS Lat: 38=21'09.19" N, Long: 75=34' 14.59" W. 
Elevation: 20 ft. 
James A. Schrader 87 01 Sept. 2000 
Miami University (MU), Oxford, OH. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
0.5 miles (0.8 km) northwest of Sharptown, MD, in 
Dorchester Co. Northwest side of Nanticoke River, 
on the southwest side of Hwy 313. 
Tree height: 5.23m. 
GPS Lat: 38°32'53.47" N. Long: 75°43'24.20" W. 
Elevation: 5 ft. 
James A. Schrader 90 01 Sept. 2000 
United States National Arboretum (NA), 
Washington DC. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
South side of Bethel, DE. in Sussex Co. East side of 
Hwy 493, on the south side of Broad Creek. Tree 
height: 5.23m. 
GPS Lat: 38°34*05.52" N. Long: 75°37*08.62" W. 
Elevation: 5 ft. 
James A. Schrader 88 01 Sept. 2000 
New York Botanical Garden (NY), 
New York, NY. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
0.5 miles (0.8 km) northwest of Sharptown. MD, in 
Dorchester Co. Northwest side of Nanticoke River, 
on the southwest side of Hwy 313. Tree height: 
5.63 m. 
GPS Lat: 38°32'53.47" N. Long: 75°43'24.20" W. 
Elevation: 5 ft. 
James A. Schrader 91 01 Sept. 2000 
Missouri Botanical Garden (MO), 
St. Louis, MO. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
South side of Bethel, DE, in Sussex Co. East side of 
Hwy 493, on the south side of Broad Creek. Tree 
height: 5.00m. 
GPS Lat: 38°34'05.52" N. Long: 75°37'08.62" W. 
Elevation: 5 ft. 
James A. Schrader 89 01 Sept. 2000 
University of California (UC), 
Berkley, CA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Maryland. 
0.5 miles (0.8 km) northwest of Sharptown, MD, in 
Dorchester Co. Northwest side of Nanticoke River, 
on the southwest side of Hwy 313. Tree height: 
3.76m. 
GPS Lat: 38°32'53.47" N. Long: 75°43'24.20" W. 
Elevation: 5 ft. 
James A. Schrader 92 01 Sept. 2000 
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University of Wisconsin (WIS), University of Kansas (KANU), 
Madison, WI. Lawrence, KS. 
Alnus maritima (Marsh) Muhl. ex Nutt. Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. subsp. maritima. 
Maryland. 
0.5 miles (0.8 km) northwest of Sharptown, MD, in 
Dorchester Co. Northwest side of Nanticoke River, 
on the southwest side of Hwy 313. Tree height: 
5.51m. 
Maryland. 
2 J miles (4.0 km) east of Hurlock, MD, in 
Dorchester Co. South side of Hwy 392, on the east 
side of Marshyhope Creek. Tree height: 4.0lm. 
GPS Lat: 38°32'53.47" N. Long: 75=43*24.20" W. 
Elevation: 5 ft. 
GPS Lat: 38=37*50.31 " N. Long: 75=49*06.15" W. 
Elevation: 5 ft. 
James A. Schrader 93 01 Sept. 2000 James A. Schrader 96 02 Sept. 2000 
Oklahoma State University (OKLA), University of Arkansas (UARK), 
Stillwater, OK. Fayetteville, AR. 
Alnus maritima (Marsh) Muhl. ex Nutt. Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. subsp. maritima. 
Maryland. Maryland. 
2.5 miles (4.0 km) east of Hurlock. MD. in 2.5 miles (4.0 km) east of Hurlock, MD. in 
Dorchester Co. South side of Hwy 392, on the east Dorchester Co. South side of Hwy 392, on the east 
side of Marshyhope Creek. Tree height: 3.18m. side of Marshyhope Creek. Tree height: 4.67m. 
GPS Lat: 38=37*50.31" N. Long: 75=49*06.15" W. GPS Lat: 38=37*50.31" N. Long: 75=49*06.15" W. 
Elevation: 5 ft. Elevation: 5 ft. 
James A. Schrader 94 02 Sept. 2000 James A. Schrader 97 02 Sept. 2000 
Field Museum of Natural History (F), University of Michigan (MICH), 
Chicago, IL. Ann Arbor, MI. 
Alnus maritima (Marsh) Muhl. ex Nutt. Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. subsp. maritima. 
Maryland. 
2.5 miles (4.0 km) east of Hurlock, MD, in 
Dorchester Co. South side of Hwy 392, on the east 
side of Marshyhope Creek. Tree height: 2.95m. 
Delaware. 
Southwest of Milford, DE, in Sussex Co. North 
side of Abbott's Pond (Johnson Branch Creek), on 
the north side of Abbott's Pond Rd. Tree height: 
7.59m. 
GPS Lat: 38=37*5031" N, Long: 75=49*06.15" W. 
Elevation: 5 ft. 
GPS Lat: 38=53*07.80" N, Long: 75=2834.23" W. 
Elevation: 35 ft. 
James A. Schrader 95 02 Sept. 2000 James A. Schrader 98 02 Sept. 2000 
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Delaware Stale University (DOV), 
Dover, DE. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Southwest of Milford, DE, in Sussex Co. North side 
of Abbott's Pond (Johnson Branch Creek), on the 
south side of Abbott's Pond Rd. Tree height: 4.42m. 
GPS Lat: 38°53'07.80" N, Long: 75°28'34.23" W. 
Elevation: 35 ft. 
James A. Schrader 99 02 Sept. 2000 
University of Texas (TEX), Austin, TX. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
5 miles (8.1 km) south of Milford, DE, in Sussex 
Co. East side of Hwy 113, on the west end of 
Hudson's Pond (Cedar Creek). Tree height: 5.89m. 
GPS Lat: 38=50* 14.27" N, Long: 75=26*20.88" W. 
Elevation: 35 ft. 
James A. Schrader 102 02 Sept. 2000 
California Academy of Sciences (CAS), 
San Francisco, CA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Southwest of Milford, DE, in Sussex Co. North side 
of Abbott's Pond (Johnson Branch Creek), on the 
south side of Abbott's Pond Rd. 
Tree height: 3.78m. 
GPS Lat: 38=53 07.80" N. Long: 75=28*34.23" W. 
Elevation: 35 ft. 
James A. Schrader 100 02 Sept. 2000 
Arkansas State University (STAR), 
Jonesboro, AR. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
5 miles (8.1 km) south of Milford, DE, in Sussex 
Co. East side of Hwy 113, on the west end of 
Hudson's Pond (Cedar Creek). Tree height: 5.03m. 
GPS Lat: 38=50* 14.27" N. Long: 75=26*20.88" W. 
Elevation: 35 ft. 
James A. Schrader 103 02 Sept. 2000 
Cornell University (BH), Ithaca, NY. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Southwest of Milford. DE, in Sussex Co. North side 
of Abbott's Pond (Johnson Branch Creek), on the 
south side of Abbott's Pond Rd. 
Tree height: 4.24m. 
GPS Lat: 38=53*07.80" N, Long: 75=28*34.23" W. 
Elevation: 35 ft. 
James A. Schrader 101 02 Sept. 2000 
Rancho Santa Ana Botanic Garden (RSA), 
Claremont, CA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
5 miles (8.1 km) south of Milford, DE, in Sussex 
Co. East side of Hwy 113, on the west end of 
Hudson's Pond (Cedar Creek). Tree height: 4.93m. 
GPS Lat: 38=50* 14.27" N, Long: 75=26*20.88" W. 
Elevation: 35 ft. 
James A. Schrader 104 02 Sept. 2000 
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Florida Museum of Natural History 
(FLAS), Gainesville, FL. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
5 miles (8.1 km) south of Milford. DE, in Sussex 
Co. East side of Hwy 113, on the west end of 
Hudson's Pond (Cedar Creek). Tree height: 5.97m. 
GPS Lat: 38=50' 14.27" N. Long: 75=26 20.88" W. 
Elevation: 35 ft. 
James A. Schrader 105 02 Sept. 2000 
Southeastern Oklahoma State Univ. 
(DUR), Durant, OK. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Just south of Angola, DE, in Sussex Co. West side 
of Hwy 24, on the southeast side of Burton Pond 
(Chapel Branch Creek). Tree roots completely 
submerged in water. Tree height: 7.29m. 
GPS Lat: 38=40'14.21" N. Long: 75=11'13.08" W. 
Elevation: 10 ft. 
James A. Schrader 108 02 Sept. 2000 
Ohio State University (OS), 
Columbus, OH. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Just south of Angola, DE, in Sussex Co. West side 
of Hwy 24. on the southeast side of Burton Pond 
(Chapel Branch Creek). Tree roots completely 
submerged in water. Tree height: 4.27m. 
GPS Lat: 38=40' 14.21" N, Long: 75=11' 13.08" W. 
Elevation: 10 ft. 
James A. Schrader 106 02 Sept. 2000 
Kansas State University (KSC), 
Manhattan, KS. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Just south of Angola, DE, in Sussex Co. West side 
of Hwy 24, on the southeast side of Burton Pond 
(Chapel Branch Creek). Tree roots completely 
submerged in water. Tree height: 6.30m. 
GPS Lat: 38=40' 14.21" N, Long: 75=11' 13.08" W. 
Elevation: 10 ft. 
James A. Schrader 109 02 Sept. 2000 
Michigan State University (MSC), 
East Lansing, MI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Just south of Angola, DE, in Sussex Co. West side 
of Hwy 24, on the southeast side of Burton Pond 
(Chapel Branch Creek). Tree roots completely 
submerged in water. Tree height: 3.43m. 
GPS Lat: 38=40'14.21" N, Long: 75= 11'13.08" W. 
Elevation: 10 ft. 
James A. Schrader 107 02 Sept. 2000 
University of Louisiana at Monroe 
(NLU), Monroe, LA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Just south of Angola, DE, in Sussex Co. West side 
of Hwy 24, on the southeast side of Burton Pond 
(Chapel Branch Creek). Tree roots completely 
submerged in water. Tree height: 5.44m. 
GPS Lat: 38=40* 14.21" N, Long: 75=11' 13.08" W. 
Elevation: 10 ft. 
James A. Schrader 110 02 Sept. 2000 
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University of Massachusetts (MASS), 
Amherst, MA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Northwest side of Millsboro, DE, in Sussex Co. 
South side of Betts Pond Rd., on the northeast side of 
Betts Pond. Tree roots completely submerged in 
water. Tree height: 3.66m. 
GPS Lat: 38°35'54.27" N, Long: 75°18'27.69" W. 
Elevation: 10 ft. 
James A. Schrader 111 02 Sept. 2000 
Oregon State University (OSC), 
Corvallis, OR. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
2 miles (3.2 km) west of Millsboro, DE, in Sussex 
Co. West side of Godwin School Rd., on the east 
end of Ingram Pond. Tree height: 6.96m. 
GPS Lat: 38=35*20.02 " N, Long: 75° 19*42.08" W. 
Elevation: 25 ft. 
James A. Schrader 114 02 Sept. 2000 
University of Missouri (UMO), 
Columbia, MO. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Northwest side of Millsboro, DE, in Sussex Co. 
South side of Betts Pond Rd., on the northeast side of 
Betts Pond. Tree roots completely submerged in 
water. Tree height: 2.97m. 
GPS Lat: 38°35'54.27" N, Long: 75° 18*27.69" W. 
Elevation: 10 ft. 
James A. Schrader 112 02 Sept. 2000 
Carnegie Museum of Natural History 
(CM), Pittsburgh, PA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritinui. 
Delaware. 
2 miles (3.2 km) west of Millsboro, DE. in Sussex 
Co. West side of Godwin School Rd., on the east 
end of Ingram Pond. Tree height: 6.65m. 
GPS Lat: 38=35*20.02" N. Long: 75=19*42.08" W. 
Elevation: 25 ft. 
James A. Schrader 115 02 Sept. 2000 
University of South Carolina (USCH), 
Columbia, SC. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
Northwest side of Millsboro, DE. in Sussex Co. 
South side of Betts Pond Rd., on the northeast side of 
Betts Pond. Tree roots completely submerged in 
water. Tree height: 2.97m. 
GPS Lat: 38=35*54.27" N, Long: 75° 18*27.69" W. 
Elevation: 10 ft. 
James A. Schrader 113 02 Sept. 2000 
Louisiana Tech University (LTU), 
Ruston, LA. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
East side of Concord, DE, in Sussex Co. South side 
of German Rd., on the north side of Concord Pond 
(Deep Creek) by the Concord Fishing Area. 
Tree height: 5.54m. 
GPS Lat: 38=38*55.94" N, Long: 75=35*3532" W. 
Elevation: 15 ft. 
James A. Schrader 116 02 Sept. 2000 
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Botanical Research Institute of Texas 
(BRIT), Fort Worth, TX. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
East side of Concord. DE, in Sussex Co. South side 
of German Rd., on the north side of Concord Pond 
(Deep Creek) by the Concord Fishing Area. 
Tree height: 5.28m. 
GPS Lat: 38°38'55.94" N, Long: 75°35'35.32" W. 
Elevation: 15 ft. 
James A. Schrader 117 02 Sept. 2000 
University of Wisconsin (OSH), 
Oshkosh, WI. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
East side of Concord, DE, in Sussex Co. South side 
of German Rd.. on the north side of Concord Pond 
(Deep Creek) by the Concord Fishing Area. 
Tree height: 5.99m. 
GPS Lat: 38=38 55.94" N, Long: 75=35*35.32" W. 
Elevation: 15 ft. 
James A. Schrader 118 02 Sept. 2000 
Texas A&M University (TAMU), 
College Station, TX. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
East side of Concord, DE, in Sussex Co. South side 
of German Rd., on the north side of Concord Pond 
(Deep Creek) by the Concord Fishing Area. 
Tree height: 6.86m. 
GPS Lat: 38=38*55.94" N, Long: 75=35*35.32" W. 
Elevation: 15 ft. 
Royal Botanic Gardens (K), Kew, 
England, U.K. 
Alnus maritima (Marsh) Muhl. ex Nutt. 
subsp. maritima. 
Delaware. 
East side of Concord, DE, in Sussex Co. South side 
of German Rd., on the north side of Concord Pond 
(Deep Creek) by the Concord Fishing Area. 
Tree height: 5.89m. 
GPS Lat: 38=38*55.94" N, Long: 75=35*35.32" W. 
Elevation: 15 ft. 
James A. Schrader 120 02 Sept. 2000 
Iowa State University (ISC), Ames, IA. 
Alnus japonica (Thunb.) Steud. 
Collected from tree A (northernmost tree): 
North Central Regional PI Station (NC7). Ames. 
IA. 
Accession num.: PI 479297 Tree Height: 7.1 m 
NPGS received: Oct-1982. 
Source History 
Type: Collected. Date: 23-Sep-1982. From: Japan. 
Locality: East, 7km of Kushiro along hwy 44, 
Kushiro-shi, Hokkaido. 
Lat: 42= 59' N, Long: 144= 27' E 
James A. Schrader 121 14 Sept. 2001 
Iowa State University (ISC), Ames, IA. 
Alnus japonica (Thunb.) Steud. 
Collected from tree B (southernmost tree): 
North Central Regional PI Station (NC7), Ames, 
IA. 
Accession num.: PI 479297 Tree Height: 6.28 m 
NPGS received: Oct-1982. 
Source History 
Type: Collected. Date: 23-Sep-1982. From: Japan. 
Locality: East, 7km of Kushiro along hwy 44, 
Kushiro-shi, Hokkaido. 
Lat: 42= 59' N, Long: 144= 27' E 
James A. Schrader 119 02 Sept. 2000 James A. Schrader 122 14 Sept. 2001 
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APPENDIX C. SUPPLEMENTARY TABLES AND FIGURES 
Table 1 A. Lowest survival temperatures in °C for 30 trees of Alnus maritima subspp. 
oklahomensis (OK), georgiensis (GA), and maritima (MA) assessed on seven dates during 
the winter of 2000-01. Samples were collected on the same dates both from trees growing 
in native habitats and from trees of the three subspecies growing in a common garden near 
Ames, Iowa. 
Source Assessment date 
and 
tree no. 25 Sept. 30 Oct. 4 Dec. 8 Jan. 12 Feb. 19 Mar. 23 Apr. 
Native habitat 
O K I  -6 -26 < -58z -58 -38 -30 -26 
OK-2 -18 -26 -42 -50 -38 -34 -26 
OK-3 -6 <-30 -50 -58 < 6 2  -38 -34 
OK-4 -10 -26 -50 <-80 -46 -46 -42 
OK-5 -10 -22 -42 -50 -58 -50 -26 
GA-1 <-22 -26 <-58 -58 -54 -38 -22 
GA-2 -18 -26 -38 -50 -42 -42 -42 
GA-3 -14 -22 -38 -70 -54 -38 -26 
GA-4 <-22 -26 <-58 -70 < -62 -42 -34 
GA-5 -10 -18 -42 <-80 -46 -34 -26 
MA-1 -6 -18 -38 <-80 -42 -34 -22 
MA-2 -2 -22 <-58 -58 < 6 2  -46 -22 
MA-3 -14 -22 -50 <-80 <-62 
00 «? 
-34 
MA-4 -18 -26 <-58 -70 -46 -46 -34 
MA-5 -14 -22 <-58 -50 -42 <-58 -34 
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Table IA. (continued) 
Ames, Iowa 
OK-6 -18 -26 <-58 -58 <-62 <-58 -38 
OK-7 -18 -26 <-58 -58 <-62 -50 -34 
OK-8 -14 <-30 <-58 <-80 <-62 <-58 -50 
OK-9 -10 -26 -50 <-80 <-62 <-58 -34 
OK-10 -18 -22 -30 -38 <-62 -54 -46 
GA-6 -14 -26 <-58 <-80 <-62 -54 -50 
GA-7 -10 -26 <-58 -58 <-62 -46 -46 
GA-8 -18 <-30 <-58 -70 <-62 -50 <-54 
GA-9 -14 -26 -50 -70 < 6 2  <-58 -50 
GA-10 -18 -26 <-58 -50 < 6 2  -50 < 5 4  
MA-6 -14 <-30 -42 -50 <-62 <-58 -54 
MA-7 -14 -26 <-58 -70 <-62 -54 -50 
MA-8 -14 <-30 -50 -50 < 6 2  <-58 <-54 
MA-9 -10 <-30 <-58 -58 < 6 2  -54 < 5 4  
MA-10 -18 -26 <-58 -58 -58 <-58 <-54 
zResults preceded by "<" indicate that the sample was judged to be alive even after receiving 
the lowest temperature treatment administered for that date. 
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Almis maritima 
and 
Alnus serrulata 
Delmarva 
Peninsula 
Oklahoi 
Figure 1 A. Disjunct distribution of Alnus maritima (•) and continuous distribution 
of Alnus serrulata ( iSSl ). Germplasm used in field trials of cold hardiness were collected 
from all three provenances of A. maritima, and germplasm of A. serrulata was collect from 
the same sites in Georgia and on the Delmarva Peninsula, along with a third site in 
northwestern Arkansas (•). 
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